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ABSTRACT 


During past winters the Red Deer River ha 
suffered from low dissolved oxygen concentrations down- 
stream of the Cay of Red Deer. The cause of the oxygen 
depletion has primarily been the effluent from the City 
of Red Deer Sewage Treatment Plant. 

Durine pie winter cL 1971-72) 2 survey tor deter— 
Mine the effects of operation of the U-tube aerator at 
Joffre Bridge was begun, and was later modified to a 
limited analysis of the oxygen depletion in the 59 miles 
of river downstream of the City of Red Deer. During the 
survey DO, BOD-5-20, and TOC tests were made on samples 
obtained from sampling points located both upstream and 
downstream of the city, and also om the three main tribu- 
taries -- the Little Red Deer River, the Medicine River, 
and the Blindman River -- in the survey area. Sampling 
points were located as far as 61.5 miles upstream and 5m 
miles downstream of the city. 

DC levels of 8 to 11 mg/1 were found upstream of 


th 


@ 


City's Sséwage OCutitall,; and DO levels as low as 0.38 
me/1 were found 50 miles downstream. The average Caci1.G 
of oxygen used to BOD-5-20 removed was 22 an she first 
20.5 miles downstream of the city's sewage outfall, and 
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ee Omingthertirs. 50 miles... f2though TOC data were in- 
complete and somewhat inconsistent, the average ratio 

of oxygen used to TOC removed was 0-50 in the first 20.5 
miles downstream of the city's sewage outfall, and 0.88 


dua, (ales Calinske Giel awe 


iv 

















: ae 
| _ ; a 7 
-<@i atow ete O07 Aguoddta Rt ical oz seit wt a os 
I 
objet egetave sity (i ee a 7 


CDS saqit =? ci mAW i ee ae 
SR .O bis. »DEsiane- Spawss 678 t4 sap 2 soot emryob zolim 
se | ae ia OF. — 


_ 
F $7 








ACKNOWLEDGEMENTS 


The guidance of Professor P.H.-Bouthillier of 
the Department of Civil Engineering, University of 
Alberta, is gratefully acknowledged. The financial 
assistance, which was in the form of an E.M.R. research 
grant, is also gratefully acknowledged. 

Special thanks is given to Mr. G.W. Thompson, 
Graduate Student of the Department of Civil Engineering, 
University of Alberta, with whom much of the work was 
shared. 

Sincere appreciation is also extended to the 
following: 

Mr. KJ. Sampson of the Division of Pollution 
Control, the Department of the Environment, Government 
of Alberta, for provision of data and his assistance in 
choosing sampling sites. 

Mr. A.M. Mustapha of the Water Resources Division, 
the Department of the Environment, Government of Alberta, 
for provision of river flow data. 

Mr. R.W. McGhee, City Engineer at the City of Red 
Deer, for provision of data concerning the sewage treat- 


ment plant. 




















all 
STREMAICS ZORA ° =? — 


; ; =<. - 
%o tet llidvuok..f.4 tctesterd 16 sstehieg Gat 


tsentgns LER ia pounced omy - 
Lefonsaty s -Dethalwomtes Lureceta ee ota. 
Stoses °. M.S ve Jo! igi), Se See Coe vomvn gaa 
beab \lwomios y Diviotets bela et + /Hetg 
ate anodT .W.0> -sivot eee Ra ae eG a 
sanbreqet. alt 4) Joehudd’ edad ; 
saw: 2 . > dort) qotwaii ty: added (A 28 vi lessving 
. -botese ; 
2 iA : He tte teanyggn wis ome 
| : grtwor Lo? 
ant te degeqmica .b.4 «4A ; 
insinieve: .Jt.omcotlvnt si Yo! Imembtaqed olf ,iseiaeD . 
is#onsicises eff Bre #346 35 gbietvorq apt —getaeeie Fe 
eagle gallqnwe satededs 
peniaiviG supttiocel teteW ute To eiijatead wMA oe 
: pePtutlA Yo teecn1svod .tnwasetienl atta To caeeaeyel eet 
iad woFk, paets 3 Gabedvony = 








TABLE OF CONTENTS 


Page 
Title Page i 
Approval Sheet giak 
Abstract Lee 
Acknowledgements Vv 
Table of Contents vi 
Deo teOm alles Vii 
List of Figures pee 
Glossary of Terms and Symbols glace al 
CHAPTER I INTRODUCTION 1 
Aoyaee O:CiG Gye «sled ecting Dissolved Sela 
Concentrations inva iver 1 
20 wlne Hed Deer River 2 
3. Oxygen Depletion in the Red Deer 
River ,durine Periods of, bce Cover 3 
4, Methods Used to Increase Dissolved 
Oxygen Levels Downstream of the 
City of Red Deer 3 
5. Objectives of the Investigation 
CHAPTER il BACKGROUND AND PREVIOUS WORK 6 
Vee Oy SlCcel ChAaraguci SLGs Of bie 
Red Deer River 6 
2 tributaries 
City of Red Deer Sewage Treatment 
Previous Follution Surveys of the 
River 9 


Vi 





Page 
5. Red Deer River Reaeration Project 10 


6. Methods Used to Evaluate Dissolved 
Oxygen Concentrations and Oxygen 


Demand bs 

CHAPTER III THE INVESTIGATION 5. 
1. General Guidelines for the Survey so 

Pee ecamp! ing Locations 16 

Zeeeoamp ling “Procedures 2e 

lL. Observations and Results 24 

Degetnalysis of fResults Ee) 

CHAPTER IV CONCLUSIONS To 
LIST OF REFERENCES dd 


APPENDIX A DETAILED DATA FROM SAMPLING DURING . 
SURVEY Al 


APPENDIX B DETAILED GOVERNMENT DATA FROM SAMPLING 
DONE ON THE RED DEER RIVER B1 


APPHNDIX C DAILY DISCHARGES OF THE RED DEER RIVER 
Aerie Ob RED On TER. C1 


APPENDIX D DETAILED SEWAGE TREATMENT DATA 
PROVIDED BY THE CITY OF RED DEER D1 














tpalor? dotiqaiass! tov Get Bek Ae 


Hev.loers fe a. O! 
reste) bas Spolsats oesaey TxD 


LOWAaETSIVHT wer “TOY BRAM 

eusaG 3d‘ rot seni lem ieee Totaned ot 
ano sve ol ‘spbitomel ~<a _= 

*Toeah DAE Hatt avyweadD &e 

27 Laer 6 cheyfags- ve 

CHOLEUIDIY | VT SEAS 

amas ay pies 


OVLAUA OULIAMAS HORE Eee < 
| a 


mm AT Ad TRNAS VOd Uae Xt 7CvSTGR 
cyyta° aaa Gah See sro "i 


TIA ‘Aaa! : TT i). Sia onde sawn e | YITAT v “TOREVIA . 
ratwry Ss as ( Hy Ei. > WHT Th, ay 


v F , - a. 
TAG Bhat Goa aaa AeA | 
NICT 7 / i ia rv } 7 


ced 


iy Se Se GMeE 





Table 
ime 


III-I1 


eel eid 


III-IV 


III-V 


IIi-VI 


ie V TL 


eet Na 


ITII-IxX 


II1-X 


III-xX1 


ITI-xX11 


LIST OF TABLES 


Positions of Sampling Locations on the 


Red Deer River 


DO and BOD Data from Sampling Trip of 
December 28-30, 1971 


Daily VariatliOnnOls OD sor socwarce 
fitivent atv the City o1 Red Deer on 
December 30, 1971 


DPORanoebODeValar te cOmeoemplineg 1 rip or 
Wanvalyeis 1772 


DOpende CODsDala trom samplings [rip of 
February 1-2, 1972 


DO; bop. wand: 10Us Daca trom sampling 
Tel peote Fepruary i o—O. 19/72 


DOeevOD-wonoeoee Data tom poamp ling 
irr om Hepruary co-March 25° 19/72 


DO, SOD, and 10C Datamr rom sampling 
(VOLS. teu otkeweolee Gaia tay. ee 


DOpanewbOUsDater PrOtmoonD lige lr) ion 
Marches i=Aprii ls Io7e 


Vey ever bation Ol DOD ROr. Soewace 
Piewuene au ole Clu mrOm ned sDoer on 
Merch i Apr te | se 


BOD Results of Samples of Sewage 
Brfluent from the City of Red Deer 
Sewage Treatment Plant 


Approximate BOD Load to the Red Deer 


River from the City of Red Deer Sewage 


Tres LMenv,.-aanc 


Vad 


Page 


UW 


26 


2) 


ay 


2) 


36 


39 


Lyd 


ao 


49 


3 


58 


ad tare? Toerate 





si3 so anotocood gui iqtieg@ t> Ame nee | In | . 
- | — ~s« S@vsH, teat’ fee 


t6 gta? soflqmsd mgs edafl «108 bas on It-EIT 
at reer yoe oe trie seul] ) 


ayewee 20 COd ) 4) aiake, Soap xem TIT+IIL 
ro e680 pS ‘fo “ko See ae eae | 
ee ven Nat UP ssanree | 


Taef ‘ ft entree c 


A 
c 
th 


antloes® ont aed (On his OC ¥~IIT 
ovEf ree See ' 


foned vor batt) DOT stits G28 | C ss 
ey 


SvVer »ot-30 Vxtppedee ge 


anit oer uti Sieu Si oa = ; aq TIV=REL a 


OT hone agk aa if 
af Spey = Us 


” 









SNE?) t 


py! | SoeF on. ‘Tike 


skawe8 to 003 4m aaasiats 
o30° ber to ST) Be ee 


_. S9Bt gto c Dah 





Table 


ITI-xX11i1 


IITI-xX1IV 


IITI-XV 


ITI-xvV1I 


ITI-XVII 


PER XVGE LT 


A-VII 


Page 
Efficiency of Removal of BOD and 
Suspended’ Solids at the City of Red 
Deer Sewage Treatment Plant 59 
Oxygen Use in the Red Deer River 
Downstream of the City's Sewage Outfall 64 
BOD Removal in the Red Deer River 
Downstream of the City's Sewage Outfail 65 
Ratio of Oxygen Used to BOD Removed in 
the’ Red Deer River\ during the Survey 66 
TOC Removal in the Red Deer River 
Downstream of the City's Sewage Outfall 68 
Ratio of Oxygen Used to TOC Removed in 
toet Red Deere River during the Survey 69 
Data from Red Deer River Samples during 
December, 1971 to April, 4972 ==" Mile 
-Gi-5 to Mile -13.0 Al 
Data from Red Deer River Samples during 
Decemters) 1971 to April, 1972 -= Mile 
-4+.5 to Mile 0.0 »-A2 


Data from Red. Deer River Samples during 
December. (9/41 co Sprite |o/28-— Tite +7'.5 AS3 


Data from Red Deer River Samples during 
December.e io7dato Apri. 19/72 > —--Mi le 
+7.5 to Mile +20.5 AY 


Data from Red Deer River Samples during 
Decemoers MOY iPtamipril, 1972 --Mile +20.5 BAS 


Data from Red Deer River Samples during 
December,. 1971 to April, 1972 -- Mile 
+20.5 to Mile +29.5 A6 


Data from Red Deer River Samples during 


December, 1971 to April, 1972 -- Mile 
+40.5 to Mile +50.6 vy 


line 


va 


A. 


ait 


ws r 

BSG aa 
— + - 

7 he ¥ ic ’ 

a A oa 

oe ae VE ee 
: < 7 —- a 

SAP hb, * re 





j 
| 
* 


, 
i 
< 
itp 
~~ a= : 
2) f 
== , 
‘ry 
a et y’ | 
aX 
“2 F 
i 


“Li * = Jl pe 


taal Den 


ivy @ 7 
E ae | 


A (lume 


“pen orth a 


02 \ eeu peasy 


att 


aut neyyxG 
only 29. hibes> = apyod 


Teun? 4 
oO neers enol 


ers 3 
vo 


$H7 


Yo widek 


sonfiith tev teat Dales 


o4 


si in-~ ayer. 


1 ~y 
Sah ¥ Te we 


in Gh) | ORR VP 


tavi# apathy 


A- ed. at Sols Or 
‘70 edt to imeitesvec 


Lhur eye Sica ot 
Linh feel gaa "bh 


ot dane sid 
ied 
Og Th ‘ 


hfe to Boe Lbs 


| bie tea wtc 
ae wee’: TOS eet wed 
we fhe Pa eat * - 


S neoff 


v the teed ae sai 
rhe ov eT ae [ol 

wid naga ties need 
PE psy ‘Al .2 tM 







r ast a . 
br aa 7 


Fis ys 


his 1 403 ? 






~ 









Table 
A-VIII 


B-VII 


B-IX 


C-I1 


Page 


Data from Samples Taken during December, 
pOViewom pri 9972 from Tributaries of 
the Red Deer River A8 


Government Data for the Sampling Site 
gusune bridge overs the Red Deer River, 
20 Miles West of Bowden Bi 


Government Data from Sampling at the 
City of Red Deer Water Treatment Plant Be 


Government Data from Sampling at the 
Burbank Site Be 


Government Data from Sampling at the 
Joffre Bridge Bu 


Government Data from Sampling at the 
Nevis Gas) Plant BD 


Government Analysis for Heavy Metals 
in Red Deer River Samples Obtained 20 
Miles West of Bowden B6 


Government Analysis for Heavy Metals 

in Red Deer River Samples Obtained 

from the City of Red Deer Water Treat- 

ment Plant B6 


Government Analysis for Heavy Metals 
in Red Deer River Samples Obtained at 
the Joffre Bridge B7. 


Government Analysis for Heavy Metals 
in Red Deer River Samples Obtained at 
the Nevis Gas Plant B7 


Daily Discharges of the Red Deer River 
at the City of Red Deer during January 
COm pr le 1974 C1 


Deuly Discharges Ole the Red Deer River 
at the City of Red Deer during May co 
Buss ty (| C2 


eye 


{ tadwensil gu ttit toxet ne 
%o eelravediay worl Sy 
$3 a | 





*- 
eiite aniiqnes sit ta. glee fewoe 
ptevih feo”. brel 2g 130 4 ae ts ey ae 
ra fabwor “EPs wet st o 
oft 36 Setbiaiag aeel jeune iovcd 
Cu ro IS oreote as! 14ayee raed th 2 Yk: 


ae 


afte Ye snliqvsl nett Baee it aie sal 
ac “ afin se ge 


id “de Beh qin pron) eee caeee a 
phot 7 * 7m aguas 


= aft; Js» gndicnuwmge mows Sas" axper = ~ Vué 
= :  ° pribiy epee ated | 


SoM Agy wo" x hates hits oD Tv-8 


OC. ber boat): ta Cankiee ae one Gal wt 
ct 1h Ewe, te ee ae Solent 
( are oH nal 5 baie a oi OL 


bagte se ard say 20 erpetreme tint 
-tno71) “eter toe Dei ie eae , tt 
7 a 


ce » « — bit . ase 7 





eee Lv 2 
. Je bealsst0 gal ental % me 
“a tieis 








Table 
Cee 


D-IV 


Davly Discharges cit the Red Deer River 
at the City of Red Deer during September 
to December, 1971 


Da@kveD i ccharcesmo mune med, Veer River 
at the City of Red Deer during January 
boullarch, 19/2 


BOD and Suspended Solids Data for Raw 
influent’ -and "Finalsbrtluent at the City 
of Red Deer Sewage Treatment Plant 


Mean Daily Sewage Flows at the City of 
Red Deer during the Winter of 1971-72 


DaiiveVartaciron Of Mlows and DO of 
Himealelrrwment-atethesCaty of thed Speer 
Sewage Treatment Plant 


Dai lbyeVariation+oP Ff lowseand©D0 of 


fine! Eeridenteat thegCivy«ot Red Deer 
Sewage Treatment Plant 


pask 


Page 


C3 


Ch 


D1 


D2 


D3 


D4 


tevifl +eaG@. ter 
sotnecuw! : grberb 


‘ 
rviH ‘tee bear 
vanernet gifts 
wn) 
wir 10> 5 
, 4 act’ 9% © Fay 
ae Ng Sir ake 
\ : qo * 
“at -T | j 7 [iu 
a. bi 
{ : js ve! 
it WT Mite 








eit lo & 
eit Poe 

‘S97, 
SSet) dover ad 


ae . 


Sar iGs ie ohtaiceet Bite: G08 


Te oe fend tet 
267? ae Oe aa HGR Be 


fe) aC ac. nig LS @4<% Lt 
) Sila? (6 Rea Tents 
ioe a aaa sae eee 


yok te Soe 
7 


san’ 
tsi SoeSvoe Ts nes 

















Figure 


ELL i 


TIT-I1T 


III-Ilil 


IITI-V 


III-VI 


ITI-Vil 


Ie EV el 


ITI-xXI 


LIST OF FIGURES 


mecotlons OT poanpline Points on sthe 
Rivers in the Survey Area 


DO and BOD Profiles of the Red Deer 
River on December 28-30, 1971 


Daily Variation of V30D of Sewage 
Mie MuwaG tne yO buymotencd Decr on 
December 30, 1971 


DO and BOD Profiles of the Red Deer 
Pepe cmOn ms Sails tT yal emetic 


DO and BOD Profiles of the Red Deer 
Rivec.on Hepruary (-25 19/e 


DG,=-8OD).and TOC Profiles of the Red 
Deerenkiver on February 19-16, 1972 


Do wesc sana, LOCTProniles or the Red 
Deer River on February 29 to March 2, 


Wye 


DOpmBOUseands TOC Protulesmor (the gied 
Decr River. on Marche i516, 1972 during 
Party te Opera l Ons Ousaiemiera vor 


DO COD jeand T0C Protiles ci the Red 
Deer River on March 16-17, 1972 


DO and BOD Profiles of the Red Deer 
River om March, 31 corto 15 19/72 


Daily Variation of .B0D cr sewage 


Hrfiuent at the City of Red Deer on 
WGgeolalh ome Ome i yengaldh ala pele 


celle 


Page 


2g 


Ba 


34 


Dy 


LO 


eas’! 


li I ee oe 
aT 
‘Lf 3 LAT 
7 ye & 
Li Be ' 4 
aj iy if 
bi te i 
i 
TEE Jen SH 
“i 
r ay 
' 
met 
' 
Titi 
‘ r + 1 pn 
; pa Pe, : 
fe 
a 5 f 
FRYSA 
a) ors j 


ub yal her 
SVHT gf 


ioe Pr? rey fald C8 \ 
et el Wires be Ih 


Pie = yaa re ; 0 


Pos FE) , bts « bas ~s 


=ale 


lo eS Liioe Ss oe 
a ean nioaalt 


PrtanotTy Wa ET? 


re ee 
-S& qidased i) Tae 
" a pe + os * Co mcl 
+> erly ee Sane lt ae 

\% i ek azttiss eu 


i6e@ oe fal yaa Ju 
4EyaH 


ts se Letoat ie ‘bts 08 


2! "Ene: Hoare 


219 SOE Bek MOS gO 
’ , 


* H 4 ra 
CPs A Le TOY 7), awe 


+Y oy hig (GH path 
La eee 
aves 


* 


iT, BOTY 4 Riis. oe 
LEN i <auet ; 


cond (steers 
‘vet ODT fate. gine 


wv 


, 
“ia 
a 7 \ he 
























BOD 
BOD-5-O 
BOD-5-20 
or If. Si- 


COD 


GLOSSARY OF TERMS AND SYMBOLS 


Biochemical Oxygen Demand 

Biochemical Oxygen Demand at 5 days and O°C. 
Biochemical Oxygen Demand at 5 days and 20°C. 
cubic feet per second 

Chemical Oxygen Demand 

Dissolved Oxygen 

feet 

hours 

inches 

million gallons per day 

milligrams per Liter 

Oxygen Demand Index 


TovaleCreanve Carbon 


ued. 1 











RiogMya GHA SHAE YO WHABeOe 





| boemed negyxd Deo tasdoom a0 
.0°O bue eeh 2? te Siam’ neayed [voimantete 0.e.00e 
O°OS bie eyab 2? te brisseal rosyxd: Dentmatioa ts 0S 2G Oe 
Bnosee Tey -da0% atdero «seo 
‘Bawa payee Leet ver) ao0 ‘. 
te yeE0 hed fosekt a 


3.) ee a 
aged ett 
7 - 


. - gett 


— 
- 


CHAPTER 1 


INTRODUCTION 


1. Factors Affeeting Dissolved Oxygen Concentrations 
inea River 

A commonly used indicator of water pollution is the 
level of dissolved oxygen in the water. The dissolved 
oxygen concentration in a river is affected by the amount 
of physical reaeration, the amount of oxygen produced by 
photosynthetic organisms present in the river, and the 
oxygen demand exerted by oxidation of organic material by 
various aquatic organisms and chemical compounds in the 
river. 

During ice-free periods the amount of oxygen intro- 
@uced touthestiverebystne firstetwo.lactors is usually 
greater than the oxygen used by the. third factor. 

ine cloewinecermpcrlocsewhensemOs GlOlebleeri Vel ss. s 
covered by ice, the balance between oxygen supplied and 
oxygen used can become critical. The surface area of water 
exposed to the atmosphere is reduced significantly and 
physical reaeration is limited to short open stretches of 
waver such as: rapids. Also, the winter flows ,in norinern 
rivers are usually much lower than spring and summer flows, 
and this limits the amount of oxygen supplied. Photosynthetic 
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activityeor Organismsein thetriversiswdecreased by the’ ice 
cover, which limits penetration of light into the river, 
and by the low temperature of OG. Bihelacw temperature of 
the water decreases the rate of metabolic activity of most 
of the organisms in the river and thus should decrease the 
PotesOtuccmo!. Oxy eens bY, aduaticaorganisms as well.as the 
amount supplied by photosynthetic organisms. 

When a river is under ice cover under natural condi- 
tions a balance can exist between the oxygen supplied and 
the oxygen used. However, the discharge of wastes from 
minicipalities and industries can adversely affect this 


balance. 


2. The Red Deer River 

The Red Deer River rises in the Rocky Mountains 
approximately 30 miles north of Banff. The river flows 
northeastwards to the City of Red Deer, and then to the 
southeast past Drumheller and Empress. The Red Deer River 
flows into the South Saskatchewan River on the east side 
of the Alberta-Saskatchewan boundary. 

During the winter most of the river, with the ex- 
ception of a few rapids in the mountain and Poothilivere= 
gions upstream of the City of Red Deer and short open 
stretches downstream of effluent discharges into the river, 
is under ice cover. Effluent discharges are from five 
sources: domestic sewage effluents are discharged into 


the river at Sundre, the City of Red Deer, the City of 
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Drumheller, and Empress. Industrial wastes are discharged 
from a Guif Oil Canada gas plant near Nevis (approximately 
50 miles downstream of the City of Red Deer). The river 
is also a source of drinking water for the City of Red 


Deer, the City of Drumheller, and Empress. 


3. Oxygen Depletion in the Red Deer River during Periods 
of Ice Cover 

During periods of ice cover the Red Deer River has 
chronically suffered from severe oxygen depletion downstream 
of the City of Red Deer; the dissolved oxygen concentrations 
have been below the recommended minimum limit of 5 mg/1 
during the winter months. The cause of the oxygen depletion 
appears to be the discharge of sewage effluent into the river 
at the City of Red Deer. The city's sewage, which includes 
meat packing plant wastes, is treated by a system of anaerobic 
pits and aerated lagoons which are followed by a final set- 
tling lagoon from which the final effluent flows into the 
river. The five devel One biochemical oxygen demand of the 
final effluent sometimes reaches 200 mg/1 during periods of 
very cold weather, when the efficiency of treatment is re- 


duced due to the temperature of the sewage in the lagoons. 


4. Methods Used to Increase Dissolved Oxygen Levels 
Downietream-o1 tne Grty ol hed becr 
Two methods are being utilized in an attempt to 
raise dissolved oxygen concentrations downstream of the 


city. One method is the installation of improved sewage 
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by 
treatment facilities at the City of Red Deer. Construction 
Hoeriese tac ities willl nov be commleted until 1973. “In 
am attempt to improve the dissolved oxygen levels during 
Tieewincers Olelo/i—/2 and |9/eo/55. the installation ef a 
U-tube aerator at the Joffre Bridge (approximately 20 miles 
downstream of the city's sewage outfall) was begun in the 
Pelion 7/7, ul construction was mol completed “intil the 


SUL inc Omell/2. 


5. Objectives of the Investigation 

Dicsoclc Mal purpose OF ethics uVvestizarlonwwas LO 
determine the dissolved oxygen concentrations and the oxygen 
Geteanimine tae river av Vvaricus sampling points in crder that 
the effects of operation of the U-tube aerator could be 
determined. Due to the late date of completion of construc- 
EiOnwOtmetmenU-tube, very, limited data on the effects of cper— 
fuLoneOLsumemacralor were obtained. @herefore, the investi- 
Sauloreassumed tie form of a limited analysis of the oxygen 
depletion under ice cover in the Red Deer River in the 50 
miles of river downstream of the City of Red Deer. Oxygen 
depletion in the river under ice cover upstream of the city 
was examined in order to determine river conditions upstream 
of the sewage effluent discharge. 

The investigation had several limitations. Limited 
access to the river and limited time for sampling restricted 
ties GumberloL sampling points! thar could be visited “during 


each sampling trip. The number of different analyses to be 
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performed on the samples and the number of duplicates for 
each analysis of a sample had to be limited because it was 
impossible to carry large volumes of water samples. No 
biological survey was undertaken during the investigation. 
The tests, which were used to determine the oxygen 
demand in the rivers and in the sewage effluents during 
the survey, could not show the exact level of oxygen demand 
which was present under the natural conditions. However, 
the tests did show the the relative amounts of oxygen 
demand under standardized laboratory conditions, which did 
notvaduplicate actual stream) conditions. \The,relative 
values of oxygen demand were useful for the purpose of 
comparing changes in oxygen demand to changes in dissolved 


oxygen concentrations in the river. 
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CHAPTER II 
BACKGROUND AND PREVIOUS WORK 


ieeerivcice Mictanacveristicsacimibemned Deer. River 

Upstream. of the. City, of Red Deer the river has 
ecvcralmoceulemcnaracterisbicseot aamountain riverse= The 
Watered Seusvallyaclear, andy hasja highadissolyed.oxygen 
concentration throughout the year. Reaeration of the 
river takes place in several rapids which stay ice-free 
during the winter. These rapids are in the mountain and 
Poigei Mest reEcnieS Oia theeri ver. 

Domestic sewage effluent from septic tanks is dis- 
charged to the river at Sundre (population of approximately 
1000 people), but does not appear to have much effect on 
the oxygen demand in the river. There are no other known 
sources of man-made pollution upstream of the city except 
for the farms that are located near the banks of the river. 
Tt is not known what effects these farms have on the river, 
but there are farms located near the Red Deer River both 
upstream and downstream of the city. However, winter 
pollution from these farms is probably minimal. 

Downstream of the City of Red Deer the river under- 
goes some changes. The water remains fairly clear even 
after the city's sewage has been added, but has low dis- 
solved oxygen concentrations during the winter months. 
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During the winter there is very little physical reaeration 
in the first 50 miles of the river downstream of the city. 
Tavouchoutemostmol this#reachethe riversbottom 
appears btorconsisttof mostly graveldand rock. High steep 
banks are common along most of the river's length, particu- 
larly in stretch downstream of the City of Red Deer. 
During the winter months, ice cover is two to four 
feet thick with usually less than three feet of water be- 
low the ice. Simpson (1971) gives a graphical representation 
of the’ statisticaleflow analysis for the Red: Deer: River. based 
on river flows measured during the period of 1956 to 1971. 
The 1% flow is shown to be 178 c.f.s. and the 90% flow is 
3000 c.f.s. The maximum flow measured up to March, 1971 
was 33,900 c.f.s. and the minimum flow was 102 c.f.s. These 
flows were all measured at the City of Red Deer. Minimum 
flows during recent winters were 229 c.f.s. in 1969-70, and 
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There are three main tributaries in the 110 miles of 
raverms tidied. duringlithisminvestigan lon.ee Iwomnivers =m _che 
Little Red Deer River and the Medicine River -- flow into 
the Red Deer River approximately 35 miles upstream of the 
City of Red Deer. The other tributary -- the Blindman River -- 
joins the Red Deer River approximately 10 miles downstream of 
the city. There are also several small streams which do not 


appear to flow during the winter months. 
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All of the three main tributaries flow through areas 
of numerous muskegs. There are also many farmyards situated 
beside’ taecer rivers, and farmers often allow their cattle 
to wade freely in the rivers. The dissolved oxygen con- 
eonerevionoworemvery= low during yche winker months, and the 
oxygen demands in these rivers are often higher than the 
oxygen demand in the Red Deer River upstream of the city. 

Or the three main tributaries the Medicine River 
Bppeceecs vommave: the Vargest “Plowsmand the bitte Redebeer 
River appears to. have the lowest flows. This comparison is 
based on personal observation and is a very limited compari- 
son, because no f low'data-are available for these rivers. 
Bouthilliér and Simpson (1972) Stated that the Medicine and 
Little Red Deer Rivers had winter flows of approximately 
10 c.f.s. each. These measurements were apparently obtained 


during one sampling trip. 


3. City of Red Deer Sewage Treatment 

The city uses a system of anaerobic pits and lagoons 
in the present sewage treatment process which was basically 
aA0Opted in 1961). "Under the original process the raw Sewage 
floweda Ruse LOUrmanaerobac plLismiareacwendathen into three 
facultatave=lacoons ‘before’ being released *to*therriver.' The 
process was modified during the winter of 1969-70 and now 
the effluent from the anaerobic pits is aerated in the three 
lagoons. The effluent from the aerated lagoons flows through 


artinaimsettianevbagoon Déeforeedischarge to the river: >°The 
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average total detention time in the process is approximate- 
ly three days. 

The efficiency of removal of biochemical oxygen de- 
mand (BOD) during the treatment process varies from approxi- 
mately 90% during warm weather to 70% during very cold 
weather. The BOD of the raw influent sewage varies from 
300 to 1000 mg/1 while the BOD of the final effluent varies 
from 30 to 200 mg/1. Average sewage flows are approximately 
2.5,med. About 30% of the total BOD load to the treatment 
process is contributed by three meat packing plants in the 
city. Except for the meat packing plant wastes, the raw in- 
fluent sewage is mostly domestic sewage. 

The City of Red Deer is now upgrading the sewage 
treatment process by installing a mechanical plant which is 
expected to remove 96% of the influent BOD. The present 
facilities will probably be used to treat the meat packing 
plant wastes before combination with the domestic sewage to 
beviurestedsan Gheymechanical plant se.Construction tdaithe 
mechanical plant has not yet been started and will not be 


completed before 1973. 


4, Previous Pollution Surveys of the River 

Simpson (1971) analyzed the results of a survey of 
the Red Deer River which was done during the winter of 1970- 
71. Samples were obtained once very two weeks from 11 sam- 
pling points between the Highway 27 Bridge at Sundre (75 miles 


upstream of the City of Red Deer sewage outfall) ‘and, the 
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10 
Highway 41 Bridge at Empress (370 miles downstream of the 
city). This sampling program was in effect from November iz 
Io 7 OS cCOmvarchia 7. 197.) 2 ineasutomatic robot, monitor was .in- 
StalledvataNeviss(50u0miles downstream of theicity's sewage 
Outil minwerden toucbtain aucontinuous record of dissolved 
oxygen (DO), temperature, pH, and conductivity. The survey 
showed that DO levels at Nevis were below the recommended 
Mona mG meme / tora LOLA lom o9,days, curing tae tour 
months. The lowest values recorded were 0.8 mg/1 at Nevis 
and se/ ae /eatetne City of Drumnetier. 

Bouthillier and Simpson (1972) analyzed the results 
of a detailed survey undertaken on January 20, 1971. The 
survey was accomplished by travelling on snowmobiles in 
@rder LOL OobtaIn samples al intervals »of 2 or 3 miles over 
eecotaledustance of CO\miles off river.. The results of the 
Sampling showed that the drop in DO was approximately 2.7 
Gimeseerester ethan the drop in gbOp, (5 day-20°C) and approxi- 
Meacolmeduaimco, Lie dropain totaleorpanic, carbon (TOG). 

5. Red Deer River Reaeration Project 

As new sewage treatment facilities at the City of 
Red Deer were not expected to be installed until 1973, a 
method of maintaining acceptable DO levels in the river 
through the winters of 1971-72 and 1972-73 was sought. 
Solodzuk and Bouthillier (1971) examined the feasibility 
Of installingManvacrator meartthe Wofire Bridge which is 


approximately 20 miles downstream of the city. U-tube 
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11 
reaeration was suggested as the best method of raising DO 
Concenuracrions if the river. 

The U-tube aerator utilizes the fact that the dis- 
solved oxygen saturation value increases with increasing 
pressure. It was estimated that if surface water with a 
POrconmcenerauvon 01 > me/ 1 "“saturavion value of 1355 °me/ 1 
at O°c at 2200 ft about sea level) is placed under a pres- 
sure of 17 psi above atmospheric pressure, the saturation 
value of DO increases to 30 mg/1 and thus the rate of oxygen 
transirer to the water 1s approximavely UChree times as great 
as at the surface pressure (The rate of transfer is 25 
aoecompared to o.5). 

Bruijn and Tuinzaad (1958) described the results of 
U-tube experiments at the Municipal Dune Water Works of The 
Hague, Netherlands. The efficiency of aeration (the increase 
im DO coucentration divided by the original amount below 
exbUracilon) of the U-tube acrator was found to be approxi- 
Mately 90% when a tube with a depth of 50 ft was used with 
a head of 38 ins of water. The U-tube aerator was found to 
have several advantages over the more conventional aeration 
systems such as the rotating-brush and sprayer aerators. The 
advantages of the U-tube aeration system were: 

(i) greater efficiency, 

(ii) less space required for the systen, 
(iii) no maintenance required, 
(iv) little supervision was necessary, 


(yy) lower costs of construction. 
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A disadvantage was that no appreciable decrease in 
carbon dioxide content of the water was obtained. 

The U-tube aerator suggested by Solodzuk and 
Boutiiiiiverm(@974)) consistedMoree 5 Tt diameter pipe ain- 
sideilan oettsdrameteripipe. The water would be’ forced 
down the 5 ft pipe to a depth of 40 ft, and would then flow 
up the 8 ft pipe to the surface. Air would be bubbled into 
vie WwoLereineLne pperspars of-tne > ft" pipe. “An “earth ‘dam 
across the river was suggested as a means of diverting water 
into a spillway channel leading into the U-tube. This dam 
would fa lsou provide ahead of approximately three to five 
hecuwewiache would be; necessary Tor operation of ‘the aerator. 
Betimietedscoscs ot instalation! was )72,000"and estimated cost 
of operation was $1600 for each of the four winter months 
when aeration would be necessary. The cost of operation 
would cover the electricity necessary for operation of the 
aLmecuppLymcowthe: agrator. 

In the fll of 1971 the Department of the Environment 
of the Government of Alberta approved the plan and con- 
structioniwas starved. §installation®of thesU-tube aerator, 
the dam, and the spillway channel was completed in March, 
1972. The U-tube aerator was put into operation on March 14 
andl rantintermittentiyiuntile Merch 17% when 2t¢was) shut-down 
for the winter. Very limited data was obtained on the 


aerator) efficiencyoand: the increase of DOein® thevriver:. 
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6. Methods Used to Evaluate Dissolved Oxygen Concentrations 
and Oxygen Demand 

There are several methods for determination of DO 
concentrations and oxygen demand. For most unpolluted 
waters Standard Methods (1971) recommends the azide modi- 
fication of the iodometric method for the determination of 
DO concentration. Standard Methods states that this method 
teathe mostenrecisen,and reliable titrimetric procedure for 
DO analysis. 

Simpson (1OZ0) eassessed sour eprocedunes slorn measure— 
ment of oxygen demand. These tests were the Biochemical 
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total 
Organic Carbon (TOC), and Oxygen Demand Index (ODI) tests. 
@fethe fourltests the BOD test is the only one that measures 
thesreacthronurates andethe;biclogical processes contributing 
to the oxygen demand. For this reason it is one of the most 
widely used tests in pollution control and in monitoring of 
sewage treatment processes. Its big disadvantage is the 
period of 5 days required for the test. 

Standard Methods (1971) states on page 489 that 
"the test is of limited value in measuring the actual oxygen 
demand of surface waters, and the extrapolation of test re- 
sults to actual stream oxygen demands is highly questionable, 
since the laboratory environment does not reproduce stream 
conditions, particularly as related to temperature, sunlight, 


biological population, water movement and oxygen concentration." 
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14 
The BOD test however does provide a measurement of relative 
oxygen requirements for biological oxidation of organic 
MaccoceiNecoruelOne.. andmalcommi i detect toxicity in 
wastes. 

TremcODes10C. and) ODI testsvare relatively quick 
chemical measurements that are extremely useful in assessing 
Industri ate woes veseois chemi cal@andstoxie natures 45 The COD 
test is a measurement of the amount of oxygen required for 
the chemical oxidation of the organic matter in a liquid, 
Emcee LOCescsbulsmaumcasumementtos Ghevyorganic carbon <inethe 
waste, and’ thesO0Distestegives thessame type of measurement 
esmpheneen Gesten Bouthil hiernandesimpson 61972 peinctheir 
study of the Red Deer River found that the COD results were 
erratic while the TOC results were useful in assessing 
oxygen) demands sinptheeriver=s The -ODL test is a relatively 
Hhewaproceduremthaganasinoet|yeutiound wide use iin pollution 
GOncrol. 

Aldiesour of the tests aresused mainly tintassessing 
the oxygen demands of wastes which are usually much higher 
than the oxygen demands of river waters. High standard 
deviations are often obtained with these tests when 


analyzing samples of low oxygen demand. 
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CHAPTER III 


THE INVESTIGATION 


1. General Guidelines for the Survey 


The purpose of the investigation was to study :the 
oxygen depletion in the Red Deer River downstream of the 
Culyeor snecaabeer-"yinworder te do this’ an “indication of 
oxygen depletion upstream of the city had to be obtained 
ecaweWl mulhiecrefore, sanpling? points had™toebe* chosen in 
order that oxygen depletion in the river could be documented 
upstream of the city and for the first 50 miles downstream 
of the city. “Accessibility of sampling locations and time 
available for’ sampling had to be considered during the 
selection of the sampling locations. 

It was also necessary to choose the types of analyses 
to be performed on the river samples. The DO, BOD, and TOC 
tests were chosen. The COD test was also chosen although 
MUSE Stilts BWere HtNCUsht “to bestoG Erraticeat -river=con= 
centrations (Bouthillier and Simpson (1972)). 

A sampling program was established by which a 2 to 
3 day samplingetrip ‘was madesonce "every “2 weeks between 


December 238, 1971 and April 1, 1972. 
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2. pampling Locations 

Selection of sampling points for the survey: proved 
to be a problem. Since accessibility was one of the more 
imporvenur ci aerla.s calpling spoimis were chosen at the 
locations of bridges wherever possible. Because there 
were few bridges across the Red Deer River a limited number 
of sampling points were available by this means. The bridges 
imethe=survey—area—included_fourin-the first 60 miles_up- 
stream of the city, two at the city, and only two in the 
Prrsp=>0 mites downstream of the city. Other than these 
Dride@es quick access to the river was limited to farms and 
Cimmpeconineny cOads Near the river. 

Simpson (1971) listed 11 government sampling loca- 
tions alone 70 mies of the river. Of the eleven, six 
were in the area to be surveyed in this investigation. 
These six were visited frequently during this study. 

TABLE TIL-1l summarizes the positions of the sampling 
points chosen for this investigation, and gives the abbre- 
viations that were used when referring to the locations 
during the study. FIGURE III-I is a map showing the section 
of river surveyed and indicating the positions of each sam- 
pling site. 

A bridge across the Red Deer River 20 miles west of 
Bowden was one of the government sampling points that was 
UWecdein thes survey. [his sate is 13 miles downstream of 


Sunctrerand) 61.5 males upstream of the City of Red Deer's 
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TABLE III-I 


POSITIONS OF SAMPLING LOCATIONS 
ON THE RED DEER RIVER 


pampling Lecation | Abbreviation Miles Downstream 
of City's Sewage 
OuGt ali 
Bridge 20 miles 
west of Bowden BH -61.5 
Highway 54 Bridge 54 2365 
Bridge west of Penhold P -18.0 


City of Red Deer Water 
Treatment Plant 


- at water intake RDw - 4.5 (w) 

- at river RDr SN Ge Ge) 
City of Red Deer Sewage 

Treatment Plant RDS x) 
Burbank site B 5 
Joffre Bridge J 20m 
Farm F Zon 
Railway bridge site RW LOS 
Nevis gas plant N1 BORO 
Highway 21 Bridge N2 50.6 


Littie Red Deer River 
at Red Lodge 
Provincial Panis LR re owGet yi; 


Medicine River at 
Highway 54 MR Tributary 


Bilumdman River au 
Highway 2A Bridge BM rei epbicm cinek'p 
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sewage outfall. Due to the time required to travel to 
thus] Locations this tsite wasvonly isampied*once; 

The Highway 54 Bridge over the Red Deer River west 
of Innisfail was another government sampling location that 
Wacmused) EOTALni sasurvey. S.Thismsite iise2305 miléesmipstream 
OUethe CiLy=sesewageloutfial and eis h9etoni0 miles downstream 
of the confluence of the Red Deer, Little Red Deer, and 
Medicine Rivers. 

A bridge over the Red Deer River west of Penhold was 
a new sampling location chosen, and was sampled twice during 
the survey. welhelsite iis. located¥|S7O miles! upstream of *the 
city's sewage outfall. 

The City of Red Deer Water Treatment pian t was another 
government sampling location that was used during the survey. 
Samples were obtained at either the plant's water intake or, 
whenever possible, from the river beside the plant. This 
eibeals 455 miles upstream of {thelcity' sesewagecoutfalne 

The City of Red Deer Sewage Treatment Plant was 
another sampling location. Samples were obtained from the 
river just upstream of the sewage outfall on two occasions, 
but due to the time required this practice was discontinued. 
However, samples of the sewage effluent at the plant were 
obtained on a regular basis. Sampling was not done at the 
point where the effluent meets the river approximately a 
quarter of amile away from the sewage plant as this proved 


Go.bpe tGorPeLerLewiie. 
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The Burbank site, a government sampling point, was 
Ehesitrsursampling paint downstreampofytheacity.« nThist site, 
which is 7.5 miles downstream of the sewage outfall, had 
limited access in that an oil company road was the only 
apprcachwienit.y Aisteep hilbl’ataonersection ofstherroad 
caused difficulties during bad weather and thus this site 
was not visited on every sampling trip. 

The Joffre Bridge was the next sampling location. 
This)site,; whichiis a government sampling» poant,.was also 
Gnewkecevton) of ethesU-tubesacrator.. Whailejconstructionjof 
the U-tube was underway, a narrow section of the dam was 
left incomplete. The river flowed through this gap in the 
dam for almost the entire winter and was virtually ice-free 
most of the time. Whenever possible samples were obtained 
from this open stretch of water. The Joffre Bridge is 
approximately 20.5 miles downstream of the city's sewage 
outfall and 10 miles downstream of the confluence of the 
Red Deer and Blindman Rivers. 

The next sampling point was located 9 miles down- 
stream of the Joffre Bridge. This point was accessible 
only by travelling to a farmyard in the river valley and, 
with the farmer's permission, hiking 1/4 to 1/2 mile 
through deep snow to reach the river. The road to the 
farmyard was (fairly steep and this site,was visited only 
when a four-wheel-drive vehicle was used on a sampling trip. 


A point that was 40.5 miles downstream of the city's 
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21 
sewage outfall was the next sampling location. Access to 
this site was limited to an oil company road which went 1/2 
mile down a steep hill to the river. Samples were obtained 
OnLy SLWiceenroMeEn as enoing duritnaethe isurvey.s wWhis ‘site is 
located, wagchinsa mile of 4, maidway sbridge cand ‘thus* was ire- 
ferred to as the railway bridge site. 

The Gulf Oil Canada gas plant near Nevis was another 
government sampling location that was visited regularly dur- 
in the survey. Whereas the government samples were taken 
SliacchempventLhs waler antake: whichis. preceded? by 20 to 30 
yards of ice-free water, sampling for this survey was done 
just upstream of the ice-free section. The site is 50 miles 
downstream of the City of Red Deer's sewage outfall. 

Discharge of warm industrial wastes at the gas plant 
kept a section of the river ice-free for almost a mile 
throughout the winter. in order to ascertain the amount of 
aeration in) this section,of river, samples were obtained at 
the Highway 21 Bridge which is approximately 0.6 miles down- 
stream of the gas plant. 

in additiconpiossamplingsthe KedeleecryRivers the three 
main tributaries were sampled during the survey. The Little 
Red Deer River was sampled on two occasions at Red Lodge 
PLOvMiciaiie: ac kewhiGhelSpGeamitescewest Of Bowden. Due to 
thick ice and idow,flows, finding water was ea*majoredifficulty 
at this site. Samples were regularly obtained at the Highway 


54 Bridge over the Medicine River west of Innisfail, and at 
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22 
the Highway 2A Bridge over the Blindman River north of the 
Cistymoteined Ween. 


ne  oampl ng rOCceaUres: 

During each sampling trip an effort was made to 
obtain samples at as many sites as possible. Due to "short 
hours of daylight it was not always possible to Osby ciel 
the sites in one day. Furthermore, the river meanders along 
much of its path, and with the limited number of bridges the 
distances and travelling times were greater than expected. 
Consequently a practice of starting at the farthest upstream 
location and working downstream to all the other sites was 
not practical. Therefore, the sites visited depended on 
the time available and the road conditions. 

Sampling holes were drilled in the ice byeusine wero 
inch diameter spoon-shaped ice auger. This was often a 
laborious process because the ice was sometimes four feet 
or more in thickness. On many occasions holes were drilled 
to the maximum length of the auger handle without breaking 
through the ice layer. Another complication iGgl seWevellutabels! ieehe 
holes was the occurrence of two or three layers of ice with 
water flowing between the layers. This occurred frequently 
at the Joffre Bridge and Burbank sites as well as by the GaGy. 
of Red Deer Sewage Treatment Plant. 

Positions of the sampling holes at each site were 
chosen with the obvious objective of finding water. After 


many "dry holes" in the early stages of the survey, choosing 
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23 
the) posivion) of alsampling hole became a process of haphazard 
guesswork. Whenever a successful "wet hole" was drilled, the 
Dosim tonrwas mececwand later! holes\weremisuallyydriliedmat 
themsame position. Ati the» Burbank site! several holes) were 
drilled on each visit in order that variations of DO and 
oxygen demand across the river could be determined. 

The water samples were obtained by lowering through 
the holes a dissolved oxygen sampling can which enabled 
the DO sample bottles to be flushed out at least five times. 
Two or three DO samples were obtained from each hole and the 
manganese sulfate, the sodium hydroxide-iodide-azide, and 
then the concentrated sulfuric acid were added to the DO 
Doet les ec nome ule .werlicemi malar iprationi yor <chese) samples 
was performed after returning to the laboratory in Edmonton. 
The procedure detailed by Standard Methods (1971) was used 
throughout the DO tests except that, while Standard Methods 
recommends a maximum delay of a few hours between acidification 
and titration,s ajdelaysof 2) or 3) days was Cfiten)used) duning 
Ghaise suirvievyeenm Lutratine theysamol espn dhe field .didnot 
prove to be practical when attempted, and thus this pro- 
cedure was not adopted. However, Standard Methods describes 
storage at temperatures of Weer and the samples taken 
during this survey were kept at 02550 On Gi GL bre Lor. 

BOD samples were obtained by filling one large glass 


bottle at each hole. Upon returning to the laboratory the 
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24 
bottle was placed in a water bath and warmed to 20°C. 
Aeration to 7 mg/1 of dissolved oxygen was done when 
necessary. The procedure of Standard Methods was followed 
for the BOD test. Two seeded bottles (seeded with 10 drops 
of fresh sewage effluent from the City of Red Deer), two 
unseeded bottles, and one initial bottle were prepared from 
each water sample. The BOD bottles were incubated in a 
water bath at BO gC for 5 days. There was also enough sample 
remaining to be used in COD tests which were done as des- 
Crabed, ingstandard Methods... The COD results.eventually 
proved to be too erratic and meaningless, and thus were 
discarded. 

TOC samples were obtained Dy eniLline sone 6/0 mi: 
plastic bottle at each sample hole. These samples were 
frozen as soon as possible. Analysis was performed in 
Calgary by the West Water Quality Subdivision of Environ- 
ment Canada. 

Samples of sewage effluent at the City of Red Deer 
were obtained from the discharge over the weir of the final 
settling lagoon. The samples for the BOD tests were prepared 
and diluted in accordance with the procedures in Standard 


Methods. 


4. Observations and Results 
During the survey detailed data on DO, seeded and 
unseeded BOD, and TOC were obtained from analysis of river 


samples. Data on BOD's of the final sewage effluent at the 
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City of Red Deer were also obtained from sewage samples. 
Additional data concerning a more detailed analysis of 
samples obtained by the Department of the Environment of 
the Government of Alberta were supplied by the Division of 
Pollution Control, and are listed in Appendix B. Data on 
the daily discharges of the river at the City of Red Deer 
were obtained from the Water Resources Division of the 
Department of the Environment, and are listed in Appendix C. 
Detailed data on the operation of the City of Red Deer 
sewage Treatment Plant were obtained from the City Engineer, 
and are listed in Appendix D. 

Liceobservattons=and=resusus trom-each™ sampling trip 
are summarized-in._the following portion of the report. De- 


tailed data for each sampling location are shown in Appendix A. 


(a) Sampling Trip of December 28-31, 1971 

Five sampling locations were visited during this trip, 
and the BOD and DO data obtained are summarized in TABLE III- 
i loewmesmelsware tshownheraphcally in FIGURE JII-i1. 
However, since only three sampling locations on the Red Deer 
River were visited, the usefulness of the data was very 
limited. The data does show clearly the drop in DO from 
the city to the Joffre Bridge. The DO level at Joffre 
Bridge was below the suggested minimum of 5 mg/1. 

The daily variation of the sewage effluent's BOD on 
December 30, 1971 was determined by taking samples once 


every 4+ hours during the day. The results are tabulated in 
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Prep eand, shownecranmicamiy in FIGURE Dit-TiT. 


Theshead Deer River had about 3 feet of ice cover 


Buetnemlocavions: sampled, and the Little Red Deer River 


had about the same. The Medicine River had 1% feet of 


| ice cover at the sampling point. 


20-30°F at the times of sampling. 


TABLE III-II 


Air temperatures were 


DO AND BOD DATA FROM SAMPLING TRIP 


OF DECEMBER 28-31, 1971 








Sampling Date of DO BOD-5-20 
Location Sampling (seeded) 
SG sialles 
(r) Dec. 28 9.62mge/1 1. 72me/ 1 
+20.5 miles DeGgarcc 443 3.40 
Little Red 
Deer R. Dec. 29 eye at 3262 
Medicine R. Dec. 30 Hele) 2.40 
= 3 oe irees Dec. 430 10.45 2.06 
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TABLE ITI-III 


DATLY VARIATION OF BOD OF SEWAGE EFFLUENT 


AT THE CITY OF RED DEER ON DECEMBER 30, 1971 


Time of BOD-5-20 Coefficient of 


Sampling Variation 
O]OORnrs 63.2 mg/1 8.29% 
GbhOOshrs 83.9 Os 3 
0900 7020 TOC 7, 
1300 7Oe2 16.39 
17700 93.8 O26 
2OO TY ieeen 
Average 7Os0 10.54 


TABLE III-IV 


DO AND BOD DATA FROM SAMPLING TRIP 


OF JANUARY 11, 1972 


Sampling Date of DO BOD-5-20 


Logateon Sampling (unseeded) 
-4.,5 miles 
(w) Jane 11 8.20mg/1 --- 
O miles ‘etal, 14 8.56 --- 
+7.5 miles 
Hole #1 Vechatee teal 6.52 2.24me/1 
#2 Jan. 11 6.44 ae 
#3 Jan. 11 6.39 1.80 
Hy Jane d 6.40 2 ete 
#5 orarven eld errs 0.64 
+20.5 miles vane 4 3.65 1.64 
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So eoone! nee tripeot January ine. 1972 

TABLE III-IV and FIGURE III-IV give the results of 
the analyses of the samples which were obtained during 
this, trig. 

The oxygen depletion between the city and the Joffre 
Bridge was clearly shown by the DO data. BOD data for the 
river at the city were unfortunately not obtained and thus 
the change in oxygen demand could not be determined. 
Variations in DO and BOD across the river at the Burbank 
site were determined by drilling 5 holes spaced 10 yards 
Sparumsecrosse une river - 

Approximately 3 feet of ice cover were present at 
tiemecanpeine locations. The Burbank and Joffre Bridge sites 
had two thinner layers of ice which were separated by flow- 


ing water. Air temperatures were approximately 10-1 
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(c) Sampling Trip of February 1-2, 1972 

TABLE III-V and FIGURE III-V show the data obtained 
Crt nas 951-1 

Gnewutemect Interest ineTABLE I11-V 2s the difference 
in BOD of the two Joffre Bridge water samples which were 
taken 5>=s.hours apart. Ties iietrahosOnes Ol ie smadn 
problems of river sampling -- that is, obtaining a represen- 
tative sample. Although the two samples were obtained from 
the same hole, the difference in BOD amounted to almost 
3 mg/1: the DO concentrations, however, were almost equal. 
MeremissscoOssipllity,that when the hole was drilled the 
first time, the ice auger disturbed matter on the river 
bottom which was only a foot or two below the ice cover. 
Some of this matter may have been included in the water 
sample and, while the matter would not have likely had any 
effect on the DO value, it would probably have increased 
the values of the BODeands (OCs testarescul oe) ni Sumays Dave 
also occurred with other samples taken from various locations 
dideinomouneLeatipling. Grips... Wicresis, a strong possibility 
that several of the river BOD samples were contaminated by 
benthic material in this manner because the bottom of the 
ice cover lay within 1, to 2 ft of the river bottom at a 
majority of the sampling holes and also because the river 
flows were low. 

Another item of interest in TABLE III-V is the 


difference in DO between the sample taken from the water 
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TABLE ILI-V 


DO AND BOD DATA FROM SAMPLING TRIP 
OF FEBRUARY 1-2, 1972 


Sampling Date of DO BOD-5-20 


Location Sampling (seeded) 
—+.5 miles 
(r) Hepes 9.29meg/1 1.60mg/1 
4 e oemi les 
(w) Bebe TOG pA 
O miles Feb. 1 9.51 On 
+20.5 miles Feb. 1 
GHeOnrs) 3 270 6.55 
+20.5 miles Feb. 1 
(1630hrs) 3.71 Zip: 
+50.0 miles Wales 71 0.36 Ms ONS: 
-23.5 miles ee 2 8.56 22: 
Medicine R. Bebe 2 0732 1.34 
Blindman R. Pep eae Q.07 Overs) 


intake well at the City of Red Deer Water Treatment Plant 

and the sample taken from the river beside the plant. The 
iver DO was Wd.3250e/1 higher than thatsof the wateratrom 
theswacer invakeswell-. The reason for this diitierenes ais 

NOL ekKnOWwl, DUGeluashoOuld» be novedsthatwal iy covermmenn Samples 
for this sampling point have been obtained from the intake 
well. wtOrevnearenarnder Of the survey, all samples eiorethis 
Sl veswere -Obuvaimed arom suhole dritled im the river ace 
whenever possible. 


Another point of interest in TABLE I1I-V is the DO 
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value of 0.38 mg/1 which was obtained for a sample taken at 
the Nevistgaswplant. This value was the lowest known re- 
corded DO value for the Red Deer River. The value obtained 
Pore inesMed cinesniverssi te: weseO.seeme,. which, was. the 
lowest DO value recorded during the entire survey. 

Ice cover on the river was approximately the same 
as on the previous trip. Air temperatures were between 
-15°F and O°F. 

The sampling site on the Blindman River had thin 
icemcoverewalelmy ott eda roles ecOUDLe Olmincnes lo an foo. 
in thickness. The water was approximately a foot in depth 
and thus problems were experienced when using the sampler 


GOnobtain, DO samples. 


(d) The Little Red Deer River on February 13, 1972 

On February 13 an attempt was made to procur a 
sampmemnrom tbe bupole=hed Deer Riversav-ReduLodge Pro= 
Vincial Lark which 1s 9 miles west o1 Bowden. ight hoies 
were drilled in an attempt to find water. Of these eight 
COMinmCLGawasescUCCeSsci Ul In hittingewacer Unders thesia ceucover: 
when the ice auger broke through the ice, the water rose up 
Seinch into the hole giving yay total depth of approximately 
2 ins of water. Another hole reached a pocket of water that 
lay between ice layers. Although this water did not appear 
to be flowing, a sample was taken te be tested for BOD. The 
BOD-5-20 (seeded) was 3.66mg/1. It was not possible to pro- 


Cur assacic.ractory DO sample; 
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36 
icememickness appeared to vary from 3° to 5 £t. 


Air temperature was Seg 


(e) Sampling Trip of February 15-16, 1972 

The results listed in TABLE III-VI, and illustrated 
graphically in FIGURE ITI-VI, showed generally higher DO 
levels than those of previous sampling trips. The main 
reason for this was the air temperatures (35-40°F) that 
prevailed at the time, and as a result of the higher ten- 
peratures the river was flowing over the ice surface at 


several locations in the survey area. Therefore, physical 


TABLE III-VI 


DO, BOD, AND TOC DATA FROM SAMPLING TRIP 
OF PRBRUARY 15-16,.1972 





Sampling Date of DO BOD-5-20 TOC 





Location Sampling (seeded) 
Medicine R. Hep. 15 O29 3mey ee: t2me/ 1 omg /1 
=23.5 miles Feb. 15 9 #75 3.05 4 
7-5 tales 

(r) Feb. 15 9.18 145 3 
+20.5 miles Feb. 15 6.34 239 7 
+50.0 miles Feb. 15 UUs 0.82 5 
+50.6 miles Feb. 15 6.64 0.69 y 
mo RAIS Sanne ets 

(Ge) Feb. 16 Ome 2.19 6 
+ 7.5 miles 

Hole #1 Feps—16 6.58 Dot 5 

Hole a2 Heb. 16 6.50 1.63 Ly 
+20.5 miles Feb. 16 Oral dine 3 
Blindman R. Feb. 16 3.98 0.68 6 
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reaeration was replacing oxygen that had been used in the 
miver.) Despite this reaecration the DO level at the Nevis 
gas plant was still below the minimum acceptable limit of 
5 mg/1.- 

The data for the BOD and TOC tests showed somewhat 
6rrabic behaviour. For example, the TOC at the city on 
ape iouiac twicesacsehmeh as on@reb. 15 whiile-=the TOCTat 
Joffre Bridge on Feb. 15 was more than twice as high on 
Hep milo oomon !chaawoOe.mebUD resulitceshowedshicher levels 
upstream of the sewage outfall than were found downstream. 
A 3-hole eross section was attempted at Burbank, but due 
to inclement weather only two holes were drilled and 


sampled. 


Ceecanebingeiripece Fepruary 29y— March®2, 1972 
Mremrestlts, which are listed in TABLE TII-Vil “and 

illustrated graphically in FIGURE III-VII, indicated that 

the DO levels were much lower than they had been on Feb- 


ruary 15-16. The DO measurements showed that four down- 
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Stream sites -- Jofire Bridge.) the farm, the railway, bridge, 


and the Nevis gas plant sites -- were below 5 mg/1. The 
readings of 0.88 and 0.74 mg/1 at the Nevis gas plant were 
the lowest readings obtained for the Red Deer River during 
the survey except for the two readings obtained during the 
sampling trip of February 1-2. An increase of 1.24 mg/1 
of DO from the Joffre Bridge to the farm site was likely 


due to an open stretch of water at the Joffre Bridge. In 
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TABLE III-VII 


DO, BOD, AND TOC DATA FROM SAMPLING TRIP 


OF FEBRUARY 29-MARCH 2, 1972 


Sampling Date of DO BOD-5-20 TOC 
Location Sampling (seeded) 
eames 
(r) Feb. 29 Be ey 3.02mg/1 Limg /1 
+20.5 miles Feb. 29 Be Aas 3 
+29.5 miles Feb. 29 4.99 30 5 
+50.0 miles Feb. 29 Ores EL ees) 7 
+50.6 miles Feb. 29 -- eee 7 
Medicine R. | Mar. 1 0.97 eects) 16 
=> mules Mare | 9.20 4.02 5 
Te oemites 
(r) Mareen | 8.74 -- 10 
+7.5 miles 
Hole #1 Mar. 1 5.76 3.98 6 
Hole #2 Maree 6.36 B30 7 
Hole #3 hares 6.68 -- 7 
Blindman R. Mar. 1 2e6 1266 8 
+20.5 miles Maren ea -- Ae f4 
+29.5 miles Ware 4 2.41 -- ly 
+40.5 miles Mar. | 2a62 Za je Ly 
-23.5 miles Mar. 2 9.48 -- 5 
+7.5 miles 
Hole #2 Mar. 2 eke -= 5 
+20.5 miles Mar. 2 2402 Bae ey. 
+50.0 miles Mar. 2 0.74 lee 4. 
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Le 
preparing for completion of the dam at the aerator site, 
amconstruceuonverew ihadpripped.out.all the ice..that..had been 
inethe channel through the dam.» The open section of river 
was approximately 15 yards wide and less than 20 yards 
Menges tecnawesvortex had sformedgwheresthe «river :fLow,dis— 
appeared under the ice. 

Mate jene ectonscausing schegiow DO levelsm-appeared, to 
be the low flows which coincided with the low temperatures 
ome s30erepon-20 RF. 

The BOD results showed unusually high levels of 
oxygen demand on ake river. The reason for the high values 
HoenOcecheace bubetmessUD resulLtsuweneusienit icantly sgreater 
Ehanpeeme Aieateslilesites except, thesJofire Bridgerand the 
Nevis gas plant. 

The TOC results displayed increases downstream of the 
€iy aud) alco,downstreamaof »thesratlway,bridge.site. allow- 
ever, during the three days, TOC values of 4 mg/l and.10 mg/i 
were obtained at the City of Red Deer Water Treatment Plant; 
values of 3 mg/l, 7 mg/l, and 27 mg/l were obtained at the 
Joffre Bridge. Consequently, the merit of these TOC 


results was considered rather questionable. 


(2) sampling Trin of March 15-17, 1972 

On March 14 operation of the U-tube aerator near the 
Joffre Bridge was begun. Operation continued through March ie) 
and partly into March 16. On March 15 some interruptions in 


operation were experienced while adjustments were made on 
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the depth of immersion of the air bubbler in the U-tube. 
Due to overheating in the compressor shack, the compressor 
was automatically shut off -- probably on the morning of 
March; 16. \Only sporadic operation’ of ‘the ‘aerator was 
maintained during the afternoon of March 16 and the morning 
of March 17, and the aerator was not used after that date. 

Sampling was hampered somewhat by dangerous ice con- 
ditions which were caused by warm air temperatures ranging 
from 35°R to 55°R during the three days. Although the ice 
was very soft and pressure ridges were appearing in many 
places, thicknesses of 3 to 4 feet of ice were common at 
moet. Samplingevyiocations. “Storm™sewer™runoifr at’ the City. of 
Red Deer made conditions too dangerous to sample from the 
river by the water treatment facilities and therefore the 
samples for this location were obtained from the water in- 
Cocawel amc cic exceptionwom Vourre bridge, ali ovher 
samples were obtained by venturing bravely onto the ice 
sureacewon Lhee@riveretloudril] ehobesstl ti seintéerestinge’ to 
noOceathatethes1 ceaonetherrivers=broke Up on’ March 20) .Y°At 
the time of this sampling trip there were some open stretches 
of water at several locations, including upstream of the 
Joifre Bridge and downstream of the aerator site. 

The DO, BOD, and TOC results are tabulated in 
TABLE III-VIII. The results of samples taken on March 15-16, 
which were days of aerator operation, are illustrated graph- 


1¢akly in POIGURE VPIE-IX: 
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The river on March 15-16 was characterized by high 
DO values upstream of the city, and by considerably lower 
DO values downstream of the city. At the U-tube intake the 
DO was below the minimum acceptable limit of 5 mg/1. The 
DO level of water passing through the U-tube was raised to 
teverseoreye5=to~o.5>me/ 1. ~Only=part—of—-the flow-of—the 
river was going Deere the Usztube and the "remainder of the 
flow was going over the dam spillway; it is not known how 
much aeration took place on the dam spillway. It is also 
not known whether there was any seepage through the dam. 

At the farm 9 miles downstream of the aerator, the 
river's DO levels were 2 mg/1 higher on March 16 than on 
March 17. While there were open stretches of water between 
Ghewtwoasmecs,) Une ditterence of 2 mg/1 was probably due 
largely to aeration at the U-tube site. However, the DO 
level at the farm on March 16 was also 2.64 mg/1 higher than 
the DO level of the water aerated in the U-tube. This in- 
crease was likely due to the aeration in the open stretches 
of river downstream of the aerator. On March 17 the differ- 
ence was 1.80 mg/1 while the aerator was not in operation 
since the aerator had not been in operation for almost a 
day previous to the time that these samples were taken, the 
latter difference was probably due almost entirely to phys- 
ical reacration in the river. 

The BOD results showed slight differences along the 


length of the river. The BOD was surprisingly high at the 
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TABLE III-VIil 


Dew BOD, AND TOC DATA FROM SAMPLING TRIP 


OF MARCH 15-17, 1972 








oe 


The samples taken at the aerator outlet at Joffre 








Bridge were obtained while the aerator was in partial 


operation on March 15 and 16, and while it was shut off 
on March 17% 


Sampling Date of DO BOD-5-20 AU OLE 
Location Sampling (seeded) 
-61.5 miles Mar. 15 12.05mg/1 2.49me/1 3me/1 
_ Medicine R. Marso15 TOS 252 8 
-23.5 miles Mare 15 10.95 1.96 8 
-4.5 miles 
(w) Mar. 15 10.08 2.08 6 
+7.5 miles 
Hole #1 Mar. 15 6.70 2.86 De 
Hole #2 Mar. 15 7.04 SE 6 
Hole #3 Weeues, St} me) eke 6 
Blindman R. Mar. 15 5.54 1.59 28 
+20.5 miles 
intake Mewes VS, 3.92 3.40 8 
outlet Mare 15 5.59 = 7 
-23.5 miles Mar. 16 fj On 1.98 6 
(On tn Les Mar. 16 O70 2.69 8 
-4+.5 miles 
(w) Mar. 16 10222 1.86 14 
+7.5 miles 
Holler | Mar. 16 7505 3.58 10 
Hole #2 Mar. 16 aed B00 5 
Hole #3 Mar. 16 8.00 3.64 6 
+20.5 miles 
intake Mar. 16 4.58 2.36 4 
outLet Mar. 16 6.54 — 8 
+29.5 miles Mar. 16 9.18 3.03 6 
+20.5 miles 
intake Mar. 17 rie ee 247 8 
outlet Mer. 17 Sey te) -- - 
dam Mar. 17 --- iG 5 
+29.5 miles Pais 7 6.96 (Aor: a 
HO. 5 miles Mar. 17 6.02 2.64 5 
+50.0 miles Mare. 17 eee 2.46 10 
+50.6 miles Mar. 17 6.70 2405 5 
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47 
bridge 20 miles west of Bowden. At this location the 
BOD of 2.49 mg/1 was higher than the values obtained by 
the government in previous surveys; an average BOD of 
0.8 mg/1 with a maximum value of 1.9 mg/1 was reported 
by Simpson (1971) for the winter of 1970-71. The river's 
BOD decreased, even with the addition of the flows of the 
Medicine and TERE Red Deer Rivers, to approximately 
2mg/1 at the Highway 54 Bridge but increased again to 
2.69 mg/1 at the bridge west of Penhold. This increase 
in BOD may have been due to the presence of several feed- 
Hots sereethewarea sebut) this: is mmeretysis peculation..)The. BOD 
value decreased to 2 mg/1 at the City of Red Deer, and nS 
creased again after the discharge of sewage effluent to the 
river. 

The TOC results showed rather erratic values. Values 
GOmeG, mz/ Lrandaltiime/lewere tdetermined: atisthe <citty. «In tthe 
riverccross séction at the Burbank site,,.an unacceptable 
value of 23 mg/1 was found for the first sample hole while 
values of 6 mg/1 were found for the other two sample holes; 
aeveliie sor TW Orne7,|,tornstheyfinrst Burbank mole wes sfound..on 
March 16 while values of 5 mg/1 and 6 mg/1 were found for 
the second and third holes respectively. These holes were 
spaced approximately 15 yards apart in a river width of 


approximately 60 yards. 


CH) sarpling trip ot March 3te— Apri 1 seo 7e 


The ice on the Red Deer River in the survey area 
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48 
broke up on March 20, and by the time of this sampling 
trip the river discharge was approximately 15 times that 
of March 15-17. As a result the DO levels were fairly 
high at every sampling point. The results are tabulated 
in TABLE III-IX and shown graphically in FIGURE III-X. 
The river BOD values at the Medicine River and Joffre 
Bridge sampling sites were higher than the average winter 
values, and the other BOD values were only slightly higher 
than the normal winter values. The Medicine River was 
mostly ice-free as was the Blindman River. The Little 
Red Deer and Blindman Rivers were not sampled. Many of 
the smaller streams feeding the Red Deer River were flowing 
on this date. 

The water temperature of the Red Deer River was 
still O°C while air temperatures varied from elses) to 55°F. 
Most of the water samples had a clear rusty color and con- 
tained more silt than the samples that were taken during 
the winter. 

Dawioiia ation in BOD Tor Unemei tyscigwhedy Deer 
sewage effluent between 1400 hrs, March 31, and 1200 hrs, 
April 1, were determined by taking a number of samples at 
resular Intervals. Ihe data ws tabulated an TABLE LEl-x 
snd irsuravegeecraphicall weiner aGuUnh eli. 

The aerator at the Joffre Bridge was not in operation, 
and virtually no flow was going through the U-tube. A 
section of the dam had been washed away by the river, and 


the river was flowing through this gap. 
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TABLE III-1Xx 


DO AND BOD DATA FROM SAMPLING TRIP 
OF MARCH 31-APRIL 1, 1972 











Sampling Date of DO BOD-5-20 
Location Sampling (seeded) 
+50.6 miles Mar. 31 10.14mg/1 3.14me/1 
Medicine R. Nees | % 8.06 is he) 
-23.5 miles Aor. 4 10.81 Peo 
-18.0 miles Apr. 1 10.00 3.24 
~4,5\ miles 
(w) Myevee 4 WOisy: 2) 
+20.5 miles Werda: Oe 9.61 6.64 


nn 


TABLE III-X 


DAILY VARIATION OF BOD OF SEWAGE EFFLUENT 
AT THE CITY OF RED DEER 


ON MARCH 31-APRIL 1, 1972 











Date and Time BOD-5-20 Coefficient 
of Sampling of Variation 
Mar. 31--1400hrs L2.Omg/1 6.98% 
1600 44.0 446 
2000 34.3 7.14 
Apr. 1--O000 334 19.09 
0800 64.2 8.88 
1000 Se O37 
1200 67.0 5s OU 


Average 4.9.6 B70 
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(@) Results of Sampling latw@therCity of Red Deer Sewage 
treatment Plant during the Survey 


BOD results of sampling at the sewage treatment plant 
during the survey are listed in TABLE III-XI. TABLES III-IIT 
and III-X show the daily variations in BOD of the sewage 
effluent during two separate 24-hour periods. 

BOD results and suspended solids results from sampling 
done by the City of Red Deer are tabulated in TABLE D-I, and 
average daily sewage flows determined by the city for each 
week between September 28, 1971 and March 21, 1972 are tab- 
Wiawede tie LA bith Ul Daily svariatpions 10 sewage tilow and 
DOW ci wtne  sewacesefiluent, alse determined by the city, are 
tabulated in TABLE D-III. 

Pem@icmenownein TABERonI bi-Li Lit —-x, and Til-xXT, the 
coefficients of variation were calculated for the samples. 
For the determination of the BOD-5-20 of a sample of sewage 
effluent, eight to twelve duplicates were used. A COGPrLCLenL 
of variation was calcubted from the results of each set of 


duplicates. 
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TABLE III-X1 


BOD RESULTS OF SAMPLES OF SEWAGE KFFLUENT 
FROM THE CITY OF RED DEER SEWAGE TREATMENT PLANT 


Date Time Meaty OC ivcienG 
BOD-5-20 Ofe Variation 


Dec. 30, 1971 0900 hrs. 70.6mg/1 10".87% 
Fate aia 2 be 1-00 70.6 eva 
Feb. 2 0900 eee: Ble 
eb al 1000 TO6n 2 Te 5 
Feb. 29 1000 118.6 7.75 
Mar. 15 1000 89.8 cle els’ 
Mar. 16 0900 F280 749 
Meteo s TSH 1400 ep 6) 6.98 
Apr. 1 1000 65 ee EY, 


* 
Grab samples 


Pamela. Wy SitewOmenesil ts 

The data from the various sources was used in an 
attempt to correlate the drop in DO concentrations with 
the BOD loadings caused by the discharge of sewage effluent 
ab sthe city. 


Cayeeniver Itow data 

Simpson (197%) mentioned *thapsches| eer low was 170 . i.e. 
G@relerrtnis flow could be 6xpected to occur 3 or 4 days a 
year). This “statement was based on data’ recorded between 
1956 and 1971. TABLES C-III and C-IV, which give the daily 
discharges’ of the river during the period from September, 


197 1Go March, 1972, show thatthe flow rate*was equal to 
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54 
or less than 175 c.f.s. on 40 days during the winter. The 
Uoweste’daity Plow measured “during "this time was /O'c.f.s: 
CnvMareh OF81072, “as Compared to the previous record low 


ouel|02 Canis. 


(bye BOD dara 
At the outset of the survey it was decided that, 
since Standard Methods (1971) does not state clearly whether 
or not river samples should be seeded for BOD determinations, 
both seeded and unseeded BOD tests would be done for each 
sample. During the survey two seeded and two unseeded BOD 
Fests were usually done on each river sample; in a few cases 
more than two seeded and unseeded tests were made, and in 
other cases only one of each type of test was made. 
Corrections for the seed (10 drops of fresh sewage effluent 
from the City of Red Deer Sewage Treatment Plant) were made 
on the results from the seeded tests, and then the corrected 
values were compared with the results from the unseeded BOD 
Ceeuc wm becouce only 1our Lestos were usually done) on each 
Sole was ualisplcal (COMmparisOnees sbne svcculte) Tromeine 
seeded and unseeded tests was considered questionable. 
Therefore, only a very simple comparison of the tests was 
attempted. 
The results of the seeded and unseeded BOD-5-20 tests 

are listedein TABLES A-1 to A-VIll. Asoas) shown in these 

tables the seeded BOD tests appeared in most cases to give 


higher values than the unseeded tests. Examination of the 
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ie) 
BODedata forsthe! 67-river samples,)jon which: both: seeded» and 


unseeded BOD tests were made, showed that the seeded tests 
gave the highest BOD value in ++ of the 67 cases: in 26 of 
the 44 cases all the seeded results were higher than the 
mnsecdeamresietsos. [Nfonlyel3s cCasesidide tThejunseededi tests 
give the highest value, and in 12 of the 23 cases all the 
unseeded Peer ede e higher than the seeded BOD results. 

Further examination of the results showed that for 
the samples obtained from the upstream sites (-61.5 miles 
to. ©.01mi les )itthe’seeded BOD tests) gave’ higher values: than 
the unseeded tests in 12 of 19 cases: in 8 af the 12 cases 
all seeded results were higher than the unseeded results. 
Bor Ghe-downetream sampling sivese(0 0) miles to 450.6 
miles) the seeded tests gave higher values’ than’ the un- 
eeededy tesitsiaum 2+ of e7icases: Ran Neoof the 2 eases all 
seeded results were higher than the unseeded results. For 
the samples obtained from the tributaries (Medicine River, 
Little Red Deer River, and Blindman River) the seeded 
bestsheaveshieher valves than, the unseeded tests in Bor 
11 cases: all seeded results were higher than unseeded 
resins! in’ ‘ofetthe Oycases|as tes Spparnentitrom) theidata 
Dice peor waboutl) 273 ‘ofe the) b/a samples, seeding the, BOD 
bottlesacsts Tesnltedsint hiehersasOD results. 

For unseeded BOD tests, to be successiul, it 18 
necessary that a sufficient number of microorganisms be 


present in the water sample. Lower numbers of micro- 
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56 
organisms would likely be present upstream of the sewage 
Guiiel) whaniownstream of the sewage outfall and,.there- 
fore, the upstream samples could be expected to show much 
more erratic results for the unseeded BOD tests than the 
downstream samples. However, the upstream BOD data does 
nak apveat sto, pe more erratic than the other BOD data. 
hesubvewo: covermment, samplineedurang 1971-/2 at five 
sampling locations (these results are listed in Appendix B) 
Gid mot show that there were larger populations of micro- 
organisms in the downstream section, and in fact did show 
teareermevancard oO lavescOUnts TOrsuae Upstream Section 
than the downstream section. Simpson (1971) showed that 
Giemavyeractes standard plate count perm. during the 1970-71 
survey was 913 at Sundre, 3020 west of Bowden, 3653 at 
Highway 54, 1005 at the City of Red Deer, 42738 at the 
Purpanices te.) 260239 atl Jctire Pridge.sand 22531 ab the 
Nevis gas plant. Therefore, the 1970-71 survey indicated 
tia uedOwilsereal™ PODULaLLONs Ol Microorganisms were) Larger 
than the upstream populations. 

Due to the more erratic results obtained from the 
unseeded BOD tests, the vaules from the seeded BOD tests 
Were usea in all o: the taples, eraphs, and calculations 


tiac are included in this chapter. 


(co) DO, daa 
As. tthe D0) data, in TABLES »A-1 to A-Vi LL show, the 


agreement in results between duplicate DO tests was good 
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im most cases. in other "cages, such as the Fevruary 2 
cop le  rometmeurlindman Hiver aii ticulties in sampling 
Caused greater deviations in DO results: in the afore- 
mentioned case, a problem arose because the river was not 
deep enough to completely ee the DO sampling can. 


Other problems were caused by occasional sub-zero weather. 


(d) Data from the City of Red Deer Sewage Treatment Plant 
Usinesthe data in TABLE I1l1-Xbeand in Appendix, D, 
the approximate river loading caused by the city's sewage 
effluent was calculated and tabulated in TABLE ITI-XI1. 
The cewere Clent's effieiency of removal of BOD and also of 
suspended solids was calculated using the data in TABLE D-I 
and then tabulated in TABLE II1I-X1I1. 
iteshould be moted that the cisy spresently takes BOD 
samples from the plant once a week. TABLE III-X, which gives 
the results of seven BOD samples taken during 24 hours, shows 
Goetequrine so hours onpApril 1 thesvetmluent's BOD imencaced 
from 33 mg/l to 64.2 mg/l. If the sewage effluent's BOD 
could vary as much as this during 8 hours, then such a 
variation could also have occurred on the sampling days; 
therefore, one sample taken once a week does not really give 
a true indication of the BOD of the sewage effluent unless 
ie 1S knowd wha. daily variations are cccurring in relavion 
Foethis value rrCTAbLE TLL xPisshows that sont ebruaryae a 
sample which had been obtained by the city had a BOD of 193 


mg/l, while a sample taken for this investigaton had a BOD 
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TABLE III-XII 


APPROXIMATE BOD LOAD TO THE RED DEER RIVER FROM 


THE CITY OF RED DEER SEWAGE TREATMENT PLANT 


BOD-5-20 


58 


Date Sewage 


* 
Sample obtained by the City of Red Deer. 
* 
The sewage flow data for these dates was not available, 


Loading 
(lbs. DO/day) 


968 
2TTS 
1702 
170 
BT 12 
Lol 4 
1976 
3263 
Dy 
2620 
2388 
3012 
See. 
eo 75 
2108 
2523 
2031 
1602 
1658 
1180 
184.4 


and, therefore, the flow was assumed to be 2.81 mgd. 


Flow 
Dec. 8 , 1971 2.36med bame/1 
Dees 208 9.24 1ou 
Dee. 30 2.2) 76. 
Janene oe 72 2.41 WG 
Tan ove 2 tes 145 
Hepes 2.56 193 
Feb. 2 Dis Fi 
x 
Feb. 9 2.59 126 
Feb. 15 2.59 106. 
Feb. 16 2 op 400 
Feb. 23 2. 5y 9h 
Feb. 29 2 5 118. 
Mar. —1= Bar? 422 
Mar. 8 2.68 111 
Mares 15 Biase FASS 
Mar. 15 Das a 89. 
TEs he) Sheets Fes 
2K K 
Mar. 22 2.81 59 
Mar. 29 oon? 59 
ok 
Mar. 31 esi 39. 
KK 
Apr 1 eer ee 
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TABLE III-XIII 


BHFFICIENCY OF REMOVAL OF BOD AND SUSPENDED SOLIDS 
AT THE CITY OF RED DEER SEWAGE TREATMENT PLANT 








Date % Removal % Removal 
of BOD Chin Tle, Sere 
Deer on o./ | 93.2% 89.9% 
Dee. 22 81.2 89.3 
Seis ay Se ye) 56.6 
Feb. 2 76.8 66.3 
Feb. 9 Yoo DOR 7 
Feb. 16 68.0 24.8 
Feb. 23 83.6 42.5 
Mar 1 CON) Aenye 
Mar 8 VAS yagi 7.8 
Mar. 15 86.0 46.6 
Maree? Bono O27 
Marte 29 Oe) Veep 


*T.S.S. is Total Suspended Solids. 


Cl 252 ia Senotakaowneatewhauelime athe temtyls 
Semplegwase@uaken SO, .thererore, @thistiarcerdifference tin 
results of the two samples cannot be explained. 

When looking at the sewage treatment plant's 
efficiency of removal of BOD and solids (tabulated in 
TABLE III-XIII), it should be remembered that in many ways 
this data is of limited value. The detention time of sewage 
in the plant is approximately 3 days and, since the weekly 
influent and effluent samples are taken on the same day, 


the original influent BOD of the sewage leaving the plant 
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at the time of sampling is not really known. 


(e) Cross Sections at the Burbank Site 

The cross sections which were taken of the Red Deer 
River at the Burbank site showed that an appreciable dif- 
Perencescanpoccur in DO VandsBOB across a 60 yard width of 
river. TABLE III-IV shows DO levels ranging from 6.32 to 
Ga eatie Ainees Ode BOD erance son Os6ebonsaa2 tme/) >; TABLE 
Lit-Vilishows, aqDOscange of 5276 etor6:68.mg/1, and a BOD 
ToaneemGines. 30700 3-90 me/13; and TABLE 1II-ViTI shows DO 
Cenveamomec. 40m lon A.90: mg/ | Sandeot 4205+ tots .00eme/ijvand 
PODS ane CamOME Gy GLO LO ane wienGeorms OO togt+Gtamg/ 1. 
Variation such as shown by .these eross sections can cause 
problems in obtaining a representative sample in order to 
study oxygen depletion along a river. 

Another example of an unrepresentative DO sample is 
shown in TABLE B-IV. A government sample was obtained the 
February 15 sample only a minute or two before the sample, 
that. isyshown, in TABLE LI1-1V for Joffre (Bridge; but'the 
government result of 9.60 mg/1 was much higher than the 
result of 6.34% mg/1 shown in TABLE IITI-VI. The cause of 
the difference in results stemmed from the fact that there 
were three layers of ice with water flowing below each 
layer and also over the top layer. When a hole was chopped 
through the three ice layers, the upper water layers were 
suddenly sucked down under the bottom ice layer. After 


the government DO sampler had been placed in the hole, a 
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61 
large vortex formed and sucked air bubbles downward to 
the DO sampler. This occurrence was avoided as much as 


possible for the samples taken for this investigation. 


(f) The Little Red Deer, the Medicine, and the Blindman 
Rivers 

Thewlimiced sampling of ther three main tributaries of 
the Red Deer River showed some of the conditions that are 
present in the rivers before their confluence with the Red 
Deer River. 

DULIneutneswinlter of (971-72. the Litule Red Deer 
Rivereace ned lodge Provincial Parkvexhibited little notice- 
able flow. Because the river had thick ice at the sampling 
site, sampling was difficult and thus little information was 
obtained concerning this river. However, a relatively high 
BOD-5-20 value was obtained from analysis of the samples. 

The samples obtained from the Medicine River at High- 
way 54 yielded some information. This river had consistent- 
ly low DO levels during the winter of 1971-72, and this 
shown in the results listed in TABLE. A-VIII. (page A8) 
which show that the DO concentration was below 1.08 mg/1 on 
foureot sue sim sampling days. the lowest DO reading) of the 
survey was obtained for a sample obtained from the Medicine 
River on February 2. BOD samples showed the river to have 
only a slightly higher oxygen demand compared to many of 
the upstream sampling sites on the Red Deer River. However, 


TOC samples showed the Medicine River to have fairly high 
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62 
inorganic carbon and organic carbon concentrations. This 
river had probably a larger flow than either of the other 
two tributaries, but; this cannotybe confirmed because 
there Peanomavellable flow davapon therthree tributaries. 

Simpson (1971) stated that approximately 2 mg/1 of 
DO were removed from the Red Deer River just after the con- 
fluence of the ede Red Deer River and the Medicine River. 
Results of the 1971-72 survey showed that the DO levels 
at the Highway 54 Bridge, which is 9 to 10 miles downstream 
of the point of confluence of the two tributaries with the 
Red Deer River, were often less than 75% of the saturation 
value of 13.5 mg/1 (at O°C, and at 2200 ft above sea level). 
Government sampling at the site 20 miles west of Bowden 
showeduthatethe DLO levels 26 miles upstream of the point of 
confluence were often more than 90% of the saturation value. 

The Blindman River had higher DO levels and lower BOD 
levels than the Medicine River. The water from this river 
had only a slight color while the Medicine River's water 
had a much darker color. The Blindman River showed a wide 
range of organic carbon and inorganic carbon concentrations. 

Wtiecnires of their bucariess lavesunel rl Orleims oi 
muskeg areas, and all three also flow through farm areas. 
Thus they have high organic carbon and BOD levels plus low 
DO levels. The Medicine River, which is slower, more slug- 
Piet we oloetareer in size Laan tiie other two rivers, has 
characteristics which prevent much physical reaeration in 


the river during the winter; thus the DO levels in this 
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63 
river drop much lower than in the other two tributaries. 
ThemBlindmeamvkiver, whichtisishavlowern,s «smaller invsize, 
bute hac coumoleaeune other twoenivers’, Vilas tcharacteristics 
which enable some physical reaeration to occur in the river 


during the winter. 


(g) Oxygen Depletion as Related to Removal of BOD in 
the Red Deer River 

Bouthillier and Simpson (1972) found that on January 20, 
1971 the oxyeen Used in the 5O miles of river between the 
City of Red Deer and the Nevis gas plant was 2.7 times the 
drop in BOD-5-20, and also mention that studies of the 
North Saskatchewan River have determined that the drop in 
DO during 20 miles of river was approximately 33% of the 
drop in BOD. 21t was theorized that the difference between 
the two rivers appeared to result from the type of BOD 
removal, in that much of the BOD in the North Saskatchewan 
River was removed by sedimentation in the first 20 miles 
of river immediately downstream of the City of Edmonton 
Sewage outtall. In thegRhed Deer Hivery this did nopgappear 
tomoccUrawous what does.happen 1s notereally known. 

An attempt was made in this investigation to confirm 
fhemtavtowot.2./. Because tor ithe major portion of (che 
winter. of 1971-72 there was an open stretch of water at 
the Joffre Bridge, and because no attempt was made to as- 
certain how much aeration took place in this stretch of 


river, it was difficult to determine exactly how much 
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64 
oxygen was used in the river between the city and the gas 
plant. However, the ratio of oxygen used to BOD removed 
was calculated for the 50 miles of river by neglecting 
thew acration au tic vot fTremprideesmm slhetratio was also 
calculated for the 20.5 miles of river between the sewage 
Oupratl Vand the Joffre Bridge. @iThevresulitsvtof the cal= 
culations are eon Deed in SEABRRS SI ETH=xXTV eto Lia -xV1i- 

The theoretical river BOD at the sewage outfall was 
calculated by using the formula 
River BOD= 
(river flow x BOD at RD) + (sewage flow x sewage BOD) 
river flow + sewage flow 
When the DO cf sewage effluent was not known (see 


TABLES D-III and D-IV), the sewage DO was assumed to be 


Omg/1. 
TABLE III-xX1LV 
OXYGEN USE IN THR RED DEER RIVER 
DOWNSTREAM OF THE CITY'S SEWAGE OUTFALL 
Date River DOs DO used in DO used in 
SGeouura es 20. 5 ‘nelbLes 50.0 miles 
(mg/1) (mg/1) (mg/1) 
Dec. 28-30 9.40 ow) — 
hate? bs Guse 1. OF -- 
Feb. 1-2 9.00 5.29 Or62 
fey. Ty 9.10 2276 4.65 
Veeco 9.12 3.00 -— 
Hep... 29 FOF. eee: 7.09 
Mar. 1-2 8.58 ban 6 Pest 
Mar. 15 9.93 65.01 -- 
Mar. 16 10.08 rs —— 


*The river DO at the city's sewage outfall was cal- 
culated by using the formula on page 65 


















tun Ve. sd¢ .cenwt oc: Sema ae eee Seep a _ 
bevomse: (of off Bste aero “6 Ra -eeveee vtaala .~ 
yattvefson yd weave ls 7a Gad elon Leg enw 
| sie enw 3 t ait : “cy te foal eqvist ad’ ta soltaves ent | 
Mower. eit -qlewread tevia 10 26 aah GH aay Gere ieee 
.fen oft to eofaozead ort ogre orto. «if Ams [fatéoo 


VER =4E C poe ee hateiswiai wes eooktatao 


© 

~~ 
a. 
~ 


‘i 


“! 2 ' ; ‘ b r / ; 
wo be) IR ie a See 


ol?) ‘pomwew we ee eee 


. ne : ~ 


. mm ee : - f bi it 4 me bed = ae ™% sal nyt? Bh os fiw 
2 ef hed Vs S c te! t f J wt wis if I Ta 2a JG AT 
+t \ee0 


SaviH. AUnt Qa A TL ae - 
Avie $4 Tea ea SC. +3 
aFobe)s dl) esa OG ge eae ne ' 


Some A) re = : Litt ¢.0s Llatgiie, Se 
Prac Ct\ nap) Papen) . a, 7 

7 : : 7 ' sn a any 

: ieee OB ata DE 
«d " 


. af t «sah 














im 








_ 





65 
The river's theoretical DO at the sewage outfall was cal- 
culated by using the formula 
River DQ= 
(river flow x DO at RD) + (sewage flow x effluent DO) 
river flow + sewage flow 
The results listed in TABLE III-XVI show that the 


oxygen used in the 20.5 miles of river between the sewage 


outfall and Joffre Bridge was an average of 4.22 times the 


TABLE ITI-XV 
BOD REMOVAL IN THE RED DEER RIVER 
DOWNSTREAM OF THE CITY'S SEWAGE OUTFALL 


(All BOD values are BOD-5-20 values) 





Date Sewage River BOD* BOD drop BOD drop 
BOD elie (evwlieat vial ee) aes 
(mg/1) (mg/1) 20.5 milests 50.0 mallese* 
(mg/1) (mg/1) 
Dec. 28-30 76.0 eae =O208 mies 
Feb. 1-2 Tee Be 6 Ono SOa72 
Feb. 1-2*** SS ae) G05 Poo oh +1.97 
Feb. 15 106.2 ae 33 72290 
ele eras 100 7,0 Us +3.16 ---- 
Feb. 29 118.6 5.99 +h. 146 $3078 
Merwe 2t es 122.0 6.40 +4..17 +4..48 
Mar. 15 89.8 3.88 +0.48 ---- 
Mar. 15%*** SAO) 250 +0.18 ---- 
Mar. 16 TPE eG ae +0.96 ---- 


ES 


* The river BOD at the sewage outfall was calculated by 
using the formula on page 


*k*k Tncereases in the river BOD between the sewage outfall 
and the two downstream sites are tabulated as negative 
values. 


***These sewage BOD's are taken from TABLE D-I. 
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66 
removal of BOD-5-20, and that the oxygen used in the 50.0 
miles of river between the sewage outfall and the Nevis 
gas plant was an average of 2.40 times the removal of 
BOD 2Orsmiheniattersratio) ofs2-40Uaerees! fairly well 
With, thesratvos ore 2../7owhichsBouthididers and) Simpsons (1972) 


obtained’ for» the 50.0 miles downstream of the city's 


TABLE ITI-XVI 
RATIO OF OXYGEN USED TO BOD-5-20 REMOVED 


IN THE RED DEER RIVER DURING THR SURVEY 


Date Ratio for the first HaGLor Lom toe rirst 


20.5 miles down- 50.0 miles down- 
Suream OL OuGlal tL SHenelevcial qenn a ceyblimid sabe 
Dee. 28-30 eOeeade ---- 
Feb. .1-2 +9552 or 
Feb. 1-2* +1.60 a Sy, 
Pepe 15 +2 .08 +1.60 
Febeat6* +0.95 ---- 
Feb. 29 +0.94 +1.90 
Mar. 1-2* +1.38 $1.75 
Mars 15 +1.25 ---- 
Mar. 15* +33 .40 Sace 
Mar. 16 +5.73 ---- 
Average** +4..22 +2 .40 


* Values for the sewage BOD's on these days were taken from 
TABLE D-1. 


HES averace ratio for, the first. 20-5 miles did not include 
the values of -62.12 and 33-40, and the average ratio for 
fhewtarst.50.0 miles did not. include the value of )—11.97/- 
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67 
Seva tcsour ad een anproximaterratiovor 255 wforethesfirst 
20 miles downstream of the sewage outfall was obtained from 
the. datalinaMiGuUREsV of Bouthilidier, and Simpson.(1972). «In 
calculating the average values of the ratios in TABLE III- 
XVI, the value of -62.12 for December 28-30 and the value 
efe {eae Oltor March 15 were not included in the calculation 
of the average ratio for the first 20.5 miles because these 
values were unreasonable. Similarly, the value of -11.97 
for February ’1=2 was not included®in the calculation of the 
average rataogtorithe first 50.0 miles downstream of the 
city's sewage outfall. 

The ratios were all calculated by using the BOD-5-20 
tecults. To extrapolate a BOD=5-20 value to its theoret— 
ical BOD-5-0 vaiue, the BOD-5-20 was multiplied by a factor 
of 0.6 (obtained from Fquation 4-11 in Rich (1963)). 
Uneretore, itl can be observed that, since the BOD-5-0) re— 
moved was smaller than the BOD-5-20 removed, the ratio of 
DO use to BOD-5-0 removal was about 1.7 times greater than 


the ratio of DO use to BOD-5-20 removal. 


(h) Oxygen Depletion as Related to Removal of TOC 
Bouthillier and Simpson (1972) reported that the 
drop in DO between the sewage outfall and the gas plant 
was sapproximately equal to the dropsin’lOC, and data-from 
the same report indicated that the drop in DO between the 
Scewaee OUuLalleand Jolire Bridge was approximavely Vs} aey i 
themarcot lie OC te TABLEO I II— AVI and DPil-<A’Vidi show the 
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68 
comparison of oxygen used to TOC removed on seven sampling 
Gover ourins wGhemwinter toric? Zen? They ratios! in’ TABLE 
ITI-XVIII were calculated in the same way as the ratios of 
oxygen used to BOD-5-20 removed in TABLE III-XVI. Un- 
fortunacelys  OCe data? on-the city's »sewage effluent were 
HOcPopLatmededuringethevinvestigattom and, therefore, a 
TOC value of 100 mg/1 for the sewage effluent was used in 
the calculations; Bouthillier and Simpson (1972) included 
BOD ands TOC datas on?the sewage effluent, and the figure of 
WOOsmeya wWaseobtained trom’ thistdata-9" The® approximate 
value of 100 mg/1 is the probable source of much of the 


Votlatl OmsOrm= une tatoos 2h TABLE wil -kVi Tie. “lowever, at 


TABLE I1I-XxVIilI 
TOC REMOVAL IN THE RED DEER RIVER 
DOWNSTREAM OF THE CITY'S SEWAGE OUTFALL 





Date River TOC* CC dropwan TOC dro pein 





aioe Lorrertel i 20.5 miles 50.0 miles 

(mg/1) (mg/1) (mg/1) 
Feb. 15 5.1 =o OH 
Feb. 16 ome 45.2 -- 
Feb. 29 625 +3.5 -0.5 
Mar. 4 1256 +5.6 -- 
Mars 2 12.9 ~14.1 +8 9 
Mar. 15 745 Byes = 
Mar. 16 1278 +4..8 -- 





*The river TOC at the city's sewage outfall was calculated 
by using.a value of 100 mg/1.for the TOC of the sewage 
efiluent, and by using a,tormulagsimiliar, co. those,on 
pages Oo andeo). 
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should absompesnoted Athavethne VOC resubtstduring “the Gin- 
vestigation exhibited a somewhat erratic behaviour, and 
GoVoewasmauscoeceble UPactor in@causing widelvariationtin 
the values of the ratios. The TOC results would have 
probably been much more consistent if more than one TOC 
sample had been obtained at veacm sampling Thole. |) whe oun- 
Peasonaple wlOUrvalues, whichiweresootainedvatvsome’ sam-= 
PeIneepOlNtsmonevarlLoOUus COcCCcasi Ons jimi ghtreasilytbe diis— 
cardedein, ror examplejwsucheatvalueciwasito be found for 
only one of three samples obtained from a sample hole on 


aasanplaing -oceasion. 


TABLE III-XVIII 
RATIO-OF OXYGEN USED* TO TOC REMOVED 


IN THE RED DEER RIVER DURING THE SURVEY 
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Date Rag Ost OL. Lie eiairs INSHEDNGh: We ne Tmlalet sl akigiske 
20.5 miles down- 50.0 miles down- 
stream of outfall stream of outfall 

Pep. 915 =-1.45 +4.6.50 

alee, Ne +0.58 S555 

Feb. 29 +120 -14.18 

Mere. et +71 .03 ---- 

Wiese -0O.41 +0.88 

eee TRS -60.10 ---- 

Mar. {6 +1.14 ---- 

Average** +0.50 +0.88 





* Values of oxygen used were obtained from TABLE III-XIV. 


*kIn calculating the average ratios, the values of -0.4+1 
and -60.10 for Joffre Bridge and the values of +46.50 
And) —14+.¢0.10r the Nevis gas plant were nov included. 
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TABLE III-XVIII shows that the average ratio of 
oxygen used to TOC removed was 0.50 for the 20.5 miles 
between the sewage outfall and Joffre Bridge, and for 
the 50.0 miles between the sewage outfall and the Nevis 
gas plant the average ratio was 0.88. The latter average 
was obtained from only one value because the value of 
+46.50 for February 15 and the value of -14.58 for 
February 29 were not included in the average ratio for 
the first 50.0 miles downstream of the city's sewage 
outfall; these two values were considered unreasonable. 
imecabeuBatingathe averagepratio forythesyfirste20s5 miles, 
the value of -60.10 for March 15 and the value of -0.41 
Ceobtained fromaavTOC value of-27%me/i vat Joffre Bridge) 
for March 2 were not included because these two values 


were also considered unreasonable. 
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CHAPTER IV 
CONCLUSIONS 


DierMOGhel nals purpose Orethiseinvestigzation was to 
determine the dissolved oxygen concentrations and oxygen 
demands in the Red Deer River at various sampling points 
in order that the effects of operation of the U-tube 
aerator could be observed. Because the installation of 
the U-tube aerator was completed only a week before the 
uCeMCOVieI™ Oeics raver broke up, and Decause at that time 
tacreswacs already mich’ physical Teaeration occurring in 
therstrevches yor open water on thevriver, sampling re- 
PUboweoule coniirm Only thaGehnie™seracor at partial 
Operawion Was inereasing the DO levels*ot the water, which 
Wace Dascinceunrougch It, by 1 to 29me/1i— @No other effects 
of operation of the aerator could be accurately determined. 

The. main purpose of the investigation was modified 
tora limited analysis of the oxygen depletion under’ ice 
cover in the Red Deer River during the first 50 miles 
downstream of the sewage outfall at the City of Red Deer. 
invorder’vovachieve this ™objectives-thesconditions in’ the 
river upstream of the city had to be determined. 

The type of analyses made during the survey included 
the DO, BOD=5-20, TOC, and COD tests. The COD results 

val 






















Vi eae Yen; aire 


vos eh 2 Lion 
SnOTea aap | 
‘ : ¢ Game 


ftesivnevel -pittiee oe sgoytuy Letess*so ‘aE eS 
co rvs toasnéo ceive tee romath odd shimrsdep 
TeV @ my "toute aSetk Freak atid ol -eboemepb. 
oltwis(s 30 Ase tie aa gadt seios 
sf eyreed6. 4d bigeg siteres 
vataiqnad gem eee oniee edntF ent 
t we Io Sevsoed’ haa ya weno Leber teitd penis a 


fost uit Ton (istis caw tenz 


| olaw neo “he. catsseass rit 
vod ij: <o°> leg ott pads yiiediee ies Bipss edie 
at mH) saz gris heen hest haa folza tego 

bt 


adseDls tot a S of ' yh OE ppd? getesag ear: 
eximiodeah yieteotupon of bites vodeias eae Wee seee ee : 

baititom 2aw cotispitcovet- sug t eougtey aise eat a 

sof tebt nitvelideb oomete ent fo giieiemn Getigil pone, 
sefte Oe gesrt edd maefaye setae nae ‘bast pds sect all _ 
vroba' bap Mo Wie otf sa eens ¢ aide 4 | 


cee anaueibed 


xe - wee 
: - 7 
> ms er tae a 


’ - 7 ~ 9 bee 


we i ro 






7 = 





proveaumvonvemvoorerratictandmthustwererdiscarded. wThe 
DO test and the BOD-5-20 test provided the most useful 
results. Both seeded and unseeded BOD tests were made on 


MOcueot themsemples se Withrthetriver twater*samples; the 


dé 


seeded BOD tests in 44 of 67 cases gave higher values than 


the umecededepODetests.— Unfortunately, it was not possib 
Go obtaimekareer Soins of water samples in order to mak 
mMoresnoanestourssODStests Onmveachtwatertsamples tinecorder 
use the Statistical measures of standard deviation and 


coeti tctentwotevartattons aularger mimier ofetestar¢esults 


le 
e 


eC 


for each sample would have been more desirable. Therefore, 


a pnorouchstacistacal -coriparisom-obithe seedéd jand un= 
seeded BOD test results was not attempted. However, from 
simple visual comparison of the seeded and unseeded test 
resultsyeltewas decided that tthe (seeded BOD«test probably 
gave more reliable results than the unseeded BOD test. 
The Red Deer River at the sampling point which 
was 61.5 miles upstream of the sewage outfall had DO 
eovekome arahout1o 07 of the isature oiled Vakuegohy1 3.5 mg/l, 
and also relatively low BOD levels during much of the 
winter of 1971-72. However, the Red Deer River at 
Hiehway eo jenGiuel, Ls* 23:95 Miskesqupetmcem of sthedett yy 
sewage outfall, had DO levels at only 63% to 80% of the 
saturation value. This decrease in DO was equal to the 


temo va uo bac muchwas .2.me/ beot DO. tndiiat pleas t ppartyo? 


a 


























Le” @ ey 
od? sheittesets aray ovdd Des Sihnre oot ed of & 
ites Jeo ‘smd Bepiwoge creat (ants att Sites 

no. ohem stow sdeed G8 hatsen ayy Bim Bobpac iifeg - ee t 

iit ,aofduexn astaw “evie ome Age Jaglqmse ono to: son 

sulev lesividd otes goae5 Gp eee at edesd 008 Sebeoa vr 

. don daw dk ls3 sau “Etaat Ohi- Seheeener ext 7 

sxHeut oF: Tabio Al .2olouies eae Alia. a9 ymed atetdo of 

tebto wl . signe? Hotey Hope eieee WN gin edkemen 

boas noliahven FAawitite, $e -egeRaan (enttattetwoendd emer 

7° to vgthoir toga Seay To tas totiteos 

eonolatet! +, atdarieet 64 ds SOS eRe hlnow-olqusa soge-002 : 
tus bos” tsbese ishy Te los prenaidig gale cunts (iavotodt “p 
ravewol O5/ (No 20022 Seer d°% bebsor 

leed beheoniy con Sotesa) art Qt ne Sealy eLquibe. : 

ttitesd 19k S6hes: ah Jane Beene Pi ee ieee 

-I29) G08 Selescs: ont pai 2d Las Rie ier tom 3Vs3 

~Motiw sitloy srbtumee off Ge owt geet vel off : 0g 

I -Ded [iativo syevorceor? Ti eee ae ie saw 

pent C.¢7 tO, outley not eyes ge sod 10, ae sumis 28 etover” ui VW 

edt o.oo. sottirh. atavel ane scphempane = 


os tevth wal bei sary veel | ; 
| eae ee nie, 








= 


P eae y 


(es 


this amount was removed by the addition of the flows 
from the’ Little Red Deer River and: the Medicine River 
at a point 10 to 12 miles upstream of the Highway 54, 
Bridge. The Medicine River was shown to be a river of 
low DO, relatively high BOD, and high fnnoreanitercarbon 
and organic carbon concentrations. 

From Highway 54+ to the (City of Red Deer, dissolved 
oxygen and oxygen demand levels did not appear to change 
significantly. 

Sewanemetriuens) atthe City liom Red Weer wassdis- 
charged at a rate of approximately Cia Wedd ura eiethe 
winter. ~ During the period from December imo sla Bi pmnal, 
(an O?e PPanBavewar o<BOD=5=20 value ony? 3.3 mg/1 was ob- 
tained; the maximum value was 193 mg/1. 

Between the city and the Burbank site, which is 
7.5 miles downstream of the city's sewage outfall, a drop 
Gf 2) town meyn PoriD0 avas Mound, “and@amkincrease sin: BOD 
was also noted. The only discharge.of effluent in this 
stretch of river was the discharge of sewage effluent at 
the city, and the effluent must have caused almost all 
the DO decrease and BOD increase. 

Downstream of the Burbank site is the point of 
confluence of the Blindman River with the Red Deer River. 
The Blindman River was another tributary which was char- 
acterized by low DO levels and relatively high inorganic 


carbon and organic carbon concentrations during the winter. 
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74 
Moweviern, eecsaebOD levels appeared ato tbe slow io Little in- 
hoLMatLonawacmavallable concerning flow rates of this 
Fiver as; wejdaeas she jother two mimibutaries rand, therefore, 
iowa Guo proud stosdetlerminestheseti fects Mot “ihiseriver and 
the other two tributaries on the DO and BOD levels of the 
Red Deer River. 

oecheomJoOrtre. Bradeesaernavorm site syuherDOelevels of 
the Red Deer River were usually 5 to 7 mg/1 below those at 
Lhe city wel nenaverace ratio .igomyeenyused! to theoretical 
removal of BOD-5-20 in the 20.5 miles of river between the 
site and the sewage outfall was 4.22, which was not very 
ehOses tOsesheeaia ues Ofe 2.5 Obtained diromrayprevious study. 
During. The winter) some acraGion occurred) in an open stretch 
OimaWacer ctmltecnacratoriisi tejmandythenslightiincrease in DO 
was occasionally observed at a farm which is 9 miles down- 
stream of the Joffre Bridge. 

At the Nevis gas plant, 50 miles downstream of the 
city's sewage outfall, DO levels as low as 0.38 mg/1 were 
recorded. The average ratio of oxygen used to theoretical 
BOD-5-20 removal in the 50 miles of river upstream of the 
site was 2.40 which agreed relatively well with the value 
Ciee-/mebeained in a previous study. 

AMCOMpSPLSOnSORetneyOxy sen jusedetoelO0Cerenoved 
Bvcweduratilocect eo, Om Orebhe marstecOe5 malecaandne.co 
for the first 50 miles downstream of the city's sewage 
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3) 
complete or inconsistent, these ratios are not necessarily 
reliable numbers. 

In assessing the oxygen demand in a river, there 
is as yet no reliable test that can indicate the exact 
amount of oxygen required for the biological Sxida Gon OL 
the organic material present in the river. The BOD-5-20 
test can indicate the relative amount of oxygen required, 
put it does not duplicate stream conditions and thus does 
not show the exact amount of oxygen required or the exact 
rate of use; the BOD-5-20 test also shows only about 68% 
of the first stage BOD at DOgGe and does not show the 
oxygen reguired for the Mvcriotearlonescare of suhe bLo— 
chemical decomposition of organic material. Furthermore, 
problems stemming from the sampling conditions and technique 
can result in misleading sampling results. Therefore, an 
assessment of oxygen depletion under ice cover sal Us) JenIN ASE e 
has many definite limitations when tests such as the DO, 
BOD, and TOC tests are used to carry out the assessment. 
The absence of any biological surveys during the investi- 
gation also places a few limitations on such an assessment. 
Tt is possible, however, to form some COnciticl Cis = COM 
Chis, SULVCY- 

During the winter of 1971-72 the Red Deer River 
under ice cover had DO levels of 8 to 11 mg/1 at the City 
of Red Deer. Addition of sewage effluent at the GLity of 


Red Deer caused a sudden drop in DO in the first 20 miles 
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76 
downstream of the sewage outfall. The high BOD of the 
city's sewage effluent and the extremely low flows of the 
Red Deer River during the winter combined to cause a drastic 
removal of DO in the first 50 miles, and DO levels at the 
Nevis gas plant occasionally approached anaerobic conditions. 
WITHOULE Divs cal reacratlon which eoccurred at the Jofire 
Bridge and also downstream of the Nevis gas plant, dis- 
solved oxygen levels in the river would probably have been 


much lower. 
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APPENDIX A 
DETAILED DATA FROM SAMPLING 


DURING SURVEY 
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APPENDIX B 
DETAILED GOVERNMENT DATA FROM 
SAMPLING DONE ON. THE RED DEER RIVER 
(DATA PROVIDED BY 
THE DIVISION OF POLLUTION CONTROL, 
THE DEPARTMENT OF THE ENVIRONMENT 


OF THE PROVINCE OF ALBERTA) 
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TABLE B-I 


Bl 


GOVERNMENT DATA FOR THE SAMPLING SITE AT THE BRIDGE 


OVER THE RED DEER RIVER, 20 MILES WEST OF BOWDEN 


nn nee EEE aSS Seas 


WOW Os lou 


Nov. 30 


lean oe ouey eb. 12 


—E———— aL 


DO 

BOD-5-20 

Ou OOi horns 

i COLL 

Seana ros euate 
CONES 

Temperature (°C) 

pH 

opec. 

Tue Da-Ga GY. 

Odor**** 

Meira iW aodbralslahie 
Giese Gace )) 


Ot. ace 
(mg/1 Caco.) 


Ca (dissolved) 
Mg (dissolved) 
ou. Ash) Rest taue 
Oil & Greases 
Phenols 
Nitrogen (nitrate 
& nitrite) 
Nitrogen 
(diss. NH) 


Weare Sree: 
Sulpuate ¢diss.) 
Chtoriae Udiss. J 
Potassium (digs -) 
Sodium (diss.) 
Tron (diss.) 


Conductance*** 


13.4mg/1 
Gr. 5n27/ il 
Sine 

14 


500 


Gee 


le hells 
2M 


PAS 


174. Omg/1 
1.4me/1 
0.004mg/1 


O.5mg/1 


O.1mg/1 
O.8mg/1 


O.6mg/1 
L.Omge/1 


2.9 
0.7 


ay) 
QO. 
oe 


‘hs, 
200). 0 


O 
) 
O 
2 
1 
O 


CoO 
65.Omg/1 
2.Omg/1 


ie 72 

0.8 0.3 

1.0 oe 

17 — 

4600 ete. 

0.0 0.0 

Go Des) 

ee B70 

1 1 

1.0 2.0 

175.0 420.0 
Were 240. 


320 
Dane: i 
0.004 0.002 
One Ona 
0.1 ae Ope! 
Oni LT 0.1 
65.0 50.0 
Ede See 
‘hel = 
4.0 _— 


DUO ie ie Oe 


ae ee ___ 


LT denotes "less than" when preceding a number. 
1 geil a ili g as le organisms/ml. 
** wynits of organisms per 100 ml. 
*** units of micromhos/cn. 
**k*kdenotes Threshold Odor Number. 
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TABLE B-II 


GOVERNMENT DATA FROM SAMPLING AT 


THE CITY OF RED DEER WATER TREATMENT PLANT 


B2 


ee 


Jan.5,1972 Feb.15 


DO 
BOD-5-20 
TOtmeol forme 
lee geledlalas 
Standard =P tate 
Count 
Temperature (°C) 
pH 


Spec. \Conductance*** 


rurpaes Cy. 

Odor**** 

one aca ili y 
(me/1 CaCO.) 


TOureuardness 
(mg/1 Caco.) 


Ca (dissolved) 
Mg (dissolved) 
Tot. Ash Residue 
Oil & Greases 
Phenols 
Nitrogen (nitrate 
& nitrite) 
Nrtrogen 
Wai.ss. NH) 


Ota: VOSUoaLe 
Sulphave (diss. ) 
Chloride diss.) 
Fiuoride (diss. ) 
Potassium (diss.) 
Socuum Cais.) 
tron diss: } 


Surfactants (mg/1) 


Nov.16,1971 


oonme/ | 


ia aha) 


344.0mg/1 352.0 
1.2m¢g/1 4 
0.002mg/1 


O.3mg/1 On 


O.1mg/1 0 
O.3mg/1 O. 
40.Omg/1 55. 
4 .Omg/1 3 


1.Omg/1 lie 
7.0mg/1 9. 


Nov. 30 


1 
1 
O 
ao) 
--- O.10mg/1 
h 
O 


LT denotes "less than" when preceding a number. 


dios Ol toreanicms/ml- 
AJ ioe eOL Organisms per 100 uml. 
kkk units of micromhos/cn. 
kkKKGenotes Threshold Odor Number. 
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TABLE B-III 
GOVERNMENT DATA FROM SAMPLING AT THE BURBANK SITE 








Nowe 10rmal Oa Nowee30 

DO 16. 0me/4 14.2 
BOD-5-20 3.2me/1 1.6 
Lob. Wolid orm 79 170 
He. cove . 2 O 
Standard Plate 

Counters 2100 L450 
Temperature (°C) --- 0.0 
pH Ca) S45) 
Turbidity eae 1 
Od ome Ze) 4.0 
TOivee Ad kalinit 

(mg/1 Caco, 185.0 230.0 
Tot. Ash Residue 248.0 Be. O 
Oil & Greases 1.5mg/1 O26 
Phenols 0.002mg/1 0.001 
Nitrogen (nitrate 

& nitrite) Ortme7 1 Ont 
Nitrogen 

(diss. NH) O.5mg/1 On 
Oke araospnate O.5mg/1 On 
Chieride (diss..) a 6.Omg/1 
Potassium (diss.) 1.1mg/1 ney, 
Sodium (diss.) ce 11.0 


ee 


seni eseoneorganisms/m1. 
hones Oreoreanisms per 100 mi. 
**kdenotes Threshold Odor Number. 


£4 





 AVAGHTUED IPE sca 
Th tT 4h. 
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TABLE B-IV 


Bl 


COVERNMENT DATA FROM SAMPLING AT THE JOFFRE BRIDGE 


DO 

BOD-5-20 

Tope Coll rorm 

Ee col 

Standard Plate 
Counts 

Temperature (°C) 

pH 

spec. 

Turbidity 

Odor**** 

Tou. Alka lina. 
(mg/1 CaCO » 


LOG: ae 
(mg/1 CaCO.) 


€s (dissolved) 
Mg (dissolved) 
Tot. Ash Residue 
Oil & Greases 
Phenols 
Nitrogen (nitrate 
& nitrite) 
Nitrogen 
(diss. NH) 
Top. Phospiate 
Sulphate (diss.) 
Chloride Cdigs:. ) 
Potassium (diss.) 
Sedium i ediss 2) 
TMeonncd i 36 4) 


Surfactants (mg/1) 


Conductance*** 


Nov. 16,1971 


14.6mg/1 
1 eme7 1 


1 Jiu 


2416 .Omeg/ 1 
teymne/ | 
0.003mg/1 


Or aime/ a1 


O.2mg/1 
O-6mg/ 1 


teetrnie / a1 
10.Omg/1 


Nov. 30 
14.14 4.3 
ae 0.7 
ire) 170 
O O4 
800 2e0 
OO CA) 
O45 Dans 
4 
4 .O Leo 
D145 .0 230.0 
--- 200.0 
eG 73 .Omg/1 
--- 4 .Omg/1 
302.0 348.0 
eh 1ee 
QO. 002 0.004 
On 6x3 
O25 0.8 
O25 0. 
--- 60.Omg/1 
5.O0mg/1 2x0 
mons 4.20) 
meets ae 
--- DLETO .4 
O22 OF 


Jan-5,1972 Feb.15 


et 


LT denotes "less than" when preceding a number. 
of organisms/ml. 


th units 


** units of organisms per 100 ml. 
**K units of micromhos/cm. 
*k*k*denotes Threshold Odor Number. 
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TABLE B-V 


GOVERNMENT DATA FROM SAMPLING AT THE NEVIS GAS PLANT 


Nee heg te 7 | Nov. 30 DAG eto Feb.15 
Sy nnn 
DO 14.5mg/1 13-1 URS x0 
BOD-5-20 PeOme7 «| CRs) SS 0.9 
IMet cy clon alamop Gils O O 8 _-- 
(Depeeiepl aly ; O O 2] --- 
Srencerder lace 

Counut* s 20 1 300 --- 
Temperature (~C) == Ole C20) 0.0 
pH 8.4 8.4 These 726 
Specep conaucrance =: = )4=— --- --- 520 
Tar peae Gy eoaeu, 1 1 1 
Odor**** Dao 4.0 LO LO 
Toe ue trv 

(mg/1 CaCO, 190.0 255.0 240.0 BO. 0 
LoOtegcaraness 

(mg/1 CaCO.) a = 285.0 250.0 
Ca (dissolved) --- --- 46.Omg/1 eo 
Mg (dissolved) --- --- 41.Omg/1 35.0 
Too. Ash Residue 2u8).Ome/1 322-0 Verein’ 200-0 
Oil & Greases 2.Omg/1 26 120 --- 
Phenols 0. 000me7 18-0. 001 07005 TO.001 
Nitrogen (nitrate 

& nitrite) O.2mg/1 Cay 0.8 0.5 
Nitrogen 

dics. NH) Ofeme7i OF2 0.8 One, 
Tot. Phosphate Onaime 71 Oss O25 0.4 
Silphave Carss* ) --- --- 60.Omg/1 60.0 
CadowidemGdiss.G-.+) --- Fame ore Bir 
Fluoride (diss.) --- --- ee RO men 
Potassium (diss.) 1.1mg/1 hac 250 = 
Podium, dics.) 12.0mg/1 16.0 T5eO 255 
Troaevdrss.) --- --- ie Ona miey uso Or 


ee ee 


LT denotes “less than" when preceding a number. 
* units of organisms/ml. 
*k units of organisms per 100 ml. 
*k*kK ynits of micromhos/cm. 
*kkKKGenotes Threshold Odor Number. 
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GOVERNMENT ANALYSIS FOR HEAVY METALS IN RED DEER 
RIVER SAMPLES OBTAINED 20 MILES WEST OF BOWDEN 








Was Gh Se Heb... 
Cadmium (total) 0.001 TO. O04 
Chromium (total) 0.001 O..024 
CobakGaGcd tale: 0.005 0.004 
Copper (total) 0.004 0.003. 
TeadseGtotals) 0.020 G. 007 
Manganese (total) 0.004 0.003 
Mercury (total) LE 020005 LE (OOOO 
Nickel (total) 0.006 Os0i2 
Selenium (total) 0.01 Tel eo cod 
FiviGg (Go ta ls) 0.001 One 

ner eeeae i ee Ae 

LT denotes "less than" when preceding a number. 
A samisteeare ein mg/1.; 

TABLE B-VII 


GOVERNMENT ANALYSIS FOR HEAVY METALS IN RED DEER 


THE CITY OF RED DEER WATER TREATMENT PLANT 


TABLE B-VI 


RIVER SAMPLES OBTAINED FROM 


B6 


a 


Melee. 


0.002 
0.002 
0.005 
0.018 
O42 
0.012 
0.0005 
Qo 
0.01 


Mere oe, a eA 
ete oer: 2S Oe Se eee ee ee ee 

Cadmium (total) 0.015 

Chromium (total) 0.025 

Cobalt (total) 0.007 

Copper? (total) 0.047 

Lead (total) =a 

Manganese (total) @:. O26 

Mercury (total) LT 0.0005 LT 
Wickel (total) 0.025 

Selenium (total) 0.01 LT 
Vane (total) 0.008 


0.086 


nn nnn EES enSen SE 


LT denotes "less than" when preceding a number. 


Ba units are 


in me / 4. 
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TABLE B-VIIL 
GOVERNMENT ANALYSIS FOR HEAVY METALS IN RED DEER 


RIVER SAMPLES OBTAINED AT THE JOFFRE BRIDGE 








Seis Sg 1972 Feb. 15 
Cadmium (total) OF 00) LT “0.001 
Chromium (total) oO. 602 0.001 
Cobalt (total) 0.005 0.005 
Copper (total) 0.005 0.002 
Weaduccoval) CEOs CAO: 
Manganese (total) 0.007 Qe O16 
Mercury (total) ETWO.000> ee OOO05) 
Nvekel’ Glotal) 0.009 0.008 
Selenium (total) Ces fOr. OA 
Zine Ccbocay) 0.001 0.068 





LT denotes "less than" when preceding a number. 
nies pene a me 7.1. 


TABLE B-IX 
GOVERNMENT ANALYSIS FOR HEAVY METALS IN RED DEER 
RIVER SAMPLES OBTAINED AT THE NEVIS GAS PLANT 








Jane 55.1972 Feb. 15 
Cadmium (total) 0.00: ie 1@x18] Oe 
Chromium Ctotal) ©. 002 O2O0 
Copales(toval) 0.005 0.005 
Copper (total) 0.006 0.005 
leads (total) 07067 On Oi 
Manganese (total) 0.025 0.034 
Mercury (total) LEeOROOCS: ae Tey Clelelsy 
Nickel (total) 0.008 0.006 
Selenium Ctotal) ano | con 
Vevtrater ACimenre ib) eyreyeuts 0.058 


i 


LT denotes "less than" when preceding a number. 
IE “Welghias, Zhige? ahah ler elle 
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APPENDIX C 
DAILY DISCHARGES OF THE RED DEER RIVER 
AT OTHE CEQ sOF RED DEER 
(DATA PROVIDED BY THE WATER RESOURCES DIVISION 
OF THE DEPARTMENT OF THE BNVIRONMENT 
OF THE PROVINCE OF ALBERTA) 
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TABLE C-I 
DAILY DISCHARGES OF THE RED DEER RIVER 
AT STH EG TY 20 eRe DeDEER 
DURING JANUARY TO APRIL, 1971 


Day Jan Feb Mar Apr 
a 
1 306cfs B 348cfs B 300cfs B LOLefs B 
2] 206m) 8B 348 B 300 B LO B 
3 306 B 348 B 300 B 442 B 
4 306 B 348 B 300 B 4.20 B 
5 306 5 348 B 300 B 428 B 
6 306 B 342 B 306 B 438 B 
a 300 B 342 B 306 B Yu 5 B 
8 300 B 336 B 306 B 2860 B 
9 300 B 330 B Oe B 5300 
10 300 B 324 B 310 B 6420 
a 306 B 324 B 310 B By Ne) 
i 306 B Eke B Oble/ B 4.660 
WS) 306 B 318 B 37. B 4660 
14 306 B 318 B 324 B 7540 
M5 306 B 318 B 324 Be 11686 
16 306 B ee B 324 Ba SOS 
Vee 306 B Bye B 354 Ba 10208 
18 Fie B Bailie: B 33h B 8740 
19 S12 B 306 B 338 B 8070 
20 312 B 306 B 338 B 8160 
EM Sie B 306 B 345 B 8230 
22 Si2 B 306 B 345 B 8150 
eae) 318 B 306 B 352 B 7370 
O4 320 B 306 B B52 B 6550 
P¥5) 324 B 306 B 359 B 5840 
26 330 B 306 B Goo B 5460 
ZT]. 336 B 306 B 366 B 4510 
28 336 B 306 B 378 B 3640 
29 342 B 380 B 3030 
30 342 B 388 B 24.80 
al 348 B 396 B 
Mean 314 322 335 5130 
Maximum 348 348 396 11600 
Minimum 300 306 300 LOW 


Se ee O_O ee 


BYridenotes ice "cover. 
Data is from Federal Hydrographic records. 
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TABLE C-II 
DAILY DISCHARGES OF THE RED DEER RIVER 
AT THE CITY OF RED DEER 
DURING MAY TO AUGUST, 1971 


Day May June July August 
| 2280cfs POVOcrs 2260cfs 1960cfs 
2 2140 2490 2160 1910 
3 2030 2790 2150 1870 
4 2000 3200 2050 1830 
Sh 1980 3590 1870 17270 
6 1940 5640 1800 1690 
7 1840 9960 1880 1650 
8 1700 9390 2010 1680 
9 1620 9430 2240 1630 

10 1600 TTIO 2460 1620 

11 1580 6130 27a O 1610 

he 1520 5470 3270 1550 

We 1560 4970 3360 1520 

14 1910 4670 3300 1520 

1 1930 4.320 3100 1460 

16 1670 3780 2860 1390 

ee 1550 3380 2580 1340 

18 1490 2170 2380 1290 

19 14.20 3200 2220 1220 

20 1370 3500 2220 1250 

21 1400 3590 2250 1120 

ee 1750 3410 2260 18.50 

Be PAnO 3530 2340 1240 

Ou 2180 4.420 2330 1200 

25 2520 4440 2330 1100 

26 SO 3600 2uL0 1040 

ey 3240 32410 2660 1070 

28 3370 2800 2800 1080 

29 3190 2540 2640 1100 

30 2860 2340 2370 1110 

ot 2920 2080 

Mean 2060 LL30 24.30 1420 
Maximum B37 0 9960 3360 1960 
Minimum 1370 2340 1800 1040 


a 


Data is from Federal Hydrographic records. 
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TABLE C-III 
DAILY DISCHARGES OF THE RED DEER RIVER 
AT THE CITY OF RED DEER 


DURING SEPTEMBER TO DECEMBER, 1971 


Day Sept. Oca. Nov. 
1 Teac 7 pACLS 548cfs B 
2 1150 - 734 540 B 
3 1080 TA Bou B 
4 oe we: 697 Sela} B 
e 914 690 bar B 
6 848 673 532 B 
7 B49 665 540 B 
8 927 643 548 B 
9 913 648 564 B 
10 351 646 572 B 
ta 857 639 Dye B 
12 867 639 572 B 
tis 883 645 572 B 
14 870 Feo 564 B 
15 813 To 564 iB 
16 734 742 548 B 
yy 764 689 532 B 
18 74 640 524 B 
19 AE 655 500 B 
20 790 660 48h B 
ex 811 633 460 B 
22 1) 632 428 B 
Die. view 610 380 B 
au PA® 616 Bias) B 
O5 704 615 ade B 
26 695 611 sph} B 
ray 720 542 303 B 
25 740 669 289 NB 
29 736 620 B 282 B 
30 743 D7 2 B 268 B 
ou 556 B 
Mean 838 656 Wa 
Maximum i awei®) Vid 3 572 
Minimum 695 542 268 


B denotes ice cover. 
Data is trom Pederal Hydrographic records. 
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DAILY DISCHARGES OF THE RED DEER RIVER 


TABLE C-IV 


A THE Cl TY (OTR De DEER 


DURING JANUARY TO MARCH, 


January 
1 oOchceB 
2 150 B 
3 re) B 
+ Ww B 
5 180 B 
6 170 B 
fi Ae B 
8 170 B 
9 170 B 
10 170 B 
ied |) B 
2 180 B 
1 WES B 
14 180 B 
15 220 B 
16 PED B 
17 195 B 
18 Beles B 
19 200 B 
20 205 B 
2.1 210 B 
22 200 B 
23 210 B 
24. 205 B 
OF Q4U5 B 
26 250 B 
27 245 B 
28 PAO B 
29 160 B 
30 200 B 
Ss 200 B 
Mean 192 
Maximum ZO 
Minimum 160 


B denotes L1ce cover 


February 


evOcr ego 
200 
200 
180 
142 


200 
180 
200 
190 
205 


200 
200 


ie) 
DO 
© 
Hod DW Dd DW Www eooonecmes) 





1972 


Data is from Federal Hydrographic records. 
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APPENDIX D 
DETAILED SEWAGH TREATMENT DATA 
PROVIDED BY 


THE GITY OF RED DEER 
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BOD AND SUSPENDED SOLIDS DATA FOR 
RAW INFLUENT AND FINAL EFFLUENT AT THE 
CITY OF RED DEER SEWAGE TREATMENT PLANT 


TABLE D-I 


D1 


i 


eran eiiar ere ry & 


Date Raw Influent 
BOD=>=20"f 91.520. 


BOD-5-20 


he leryreys 


Dec move o 7 601mg/1 

Dee. 22 1006 666 
Jan.927; 1972 550 383 
Kepeeee 829 386 
Feb. 9 523 280 
Feb. 16 S12 tes 
Feb. 23 576 275 
Mar. 625 566 
Marlee 535 416 
Mar. 15 537 283 
Mame 2 502 342 
Maw see29 LO DES 


Luome /1 


Lime /1 


lee 
a5) 
is 
126 
100 
g4 
122 
ie 
ls} 
57 
D9 


45mg / 1 
74 
166 
130 
138 
100 
158 
148 
105 
151 
61 
63 
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TABLE D-II 
MEAN DATLY SEWAGE FLOWS 
AUeInS Oley Ore ha) @DEER 


DURING THE WINTER OF 1971-72 


Date Sewage Flow 


DO 


asinine Pls) om Clete oe, WA 
Cone iG ae 
Oce.) l2e-— 19 
Oct. 19 -- 26 
Oebn2Om NOV 2 
Nov. 2-- 9 
Nov. 9 -- 16 
Now een Gee 23 
Nov. 23 -- 30 
Nov. 30 -- Dec. 7 
Dae. 9 aah 
Dec. 14 -= 21 
Dec. 21 -- 28 
Dec. 26 =- Jan. 4351972 
Jan. 4% -- 11 
Jan. 11 -- 18 
Jan. To ——- 25 
dan. 25 -— Feb. 1 
Feb. 1-- 8 
Feb. 68 -- 15 
Feb. 15 -- 22 
Feb. 22 -- 29 
Feb. 29 -- Mar. 7 
Maree —— 14 
Mar. 14 - 21 


eee med: 
42 
40 
43 


57 
68 
aon 


rome OM Om Omron torn TO TO N> hM NOM he M Mm MM Mm Mm Mm NM 
eS) 


The City of Red Deer obtained the measurements of 
the sewage flows by using a Parshall flume. 
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TABLE D-III 
DAILY VARIATION OF FLOWS AND DO OF FINAL EFFLUENT 


AT THE CITY OF RED DEER SEWAGE TREATMENT PLANT 
Sill oe 


Date Time Flow DO 


NES 2 ANS Fe O800hrs Py Oe siteyel 
0900 
1000 
1100 
1200 
1300 
1400 
1 500 


Feb. 4 0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 


2 
3 
mn 
hb 
3 
i 
5 
2 
Z 
3 
ih 
h 
bh 
3 
. 3 
Helos Ne 0800 2 
0900 2 
1000 ye 
1100 i 
bh 

3 

3 

3 

1 

1 

5) 

3 

i 

5 

= 

3 

1 

1 

5 

5) 

3 

3 

5 

3 


oO 
B 
0a 
SS 
4 


1300 
14-00 
1500 


Feb. 23 0800 
0900 
1000 
1100 
1200 
1300 
14-00 
1500 


Mat sous} aes 
090 
1000 
1100 
1200 
1300 
1400 
1500 


SS Ee 


fo t= = NU TOTO) Ov ON] MNT A ANDAMAN WPI FFOWw ooo ooo Ce 
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2 
5 
2} 
si} 
4 
S 
u 
2 
6 
h 
2 
1 
O 
9 
vy 
O 
by 
by 
1 
1200 eel 
wie 
7 
ut 
7 
7 
O 
Y 
O 
9 
7 
7; 
mn 
8 
1 
6 
8 
8 
8 
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TABLE D-IV 
DAILY VARIATION OF FLOWS AND DO OF FINAL EFFLUENT 


AT THE CITY OF RED DEER SEWAGE TREATMENT PLANT 
ee 


Date Time Flow DO 


MBGeg Bq 1 2 O800hrs 
0900 
1000 
1100 
1200 
| HOO 
1400 
1500 


Mar. 15 0800 
0900 
1000 
1100 
4200 
1300 
11-00 
1500 


Maree. O800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 


Mar. 29 0800 
0900 
1000 
1100 
1200 
1300 
14-00 
1500 
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Sy 
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